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AUTHOE'S PEEFACES. 



The many rich discoveries whicli have been made within a 
comparatiyely few years in the sister sciences of Electricity 
and Magnetism render it difficult to arrange, in a concise 
and rudimentary form, the various phenomena of one of 
these departments of physics, treated separately. Taking 
the term * magnetism,' however, in its most general accep- 
tation, the author proposes, in the first place, to put the 
student in possession of such elementary knowledge as 
bears directly on that species of force, peculiar to ferru* 
ginous matter, by which one particle of iron is observed to 
attract another particle at very sensible distances — ^but 
without entering further into the combined sciences of 
electricity and magnetism than may be requisite to an 
adequate exposition of well-attested facts. It will also be 
desirable to combine with this statement a general history 
of the subject, considered as a distinct branch of physics. 
Secondly, it is proposed to descnbe the various magnetical 
instruments and manipulations necessary to the further 
prosecution of this wonderful and interesting subject — ^thus 
completing the two Parts of the present Treatise. 

In a Supplementary Treatise it is proposed to apply the 
knowledge thus acquired to a more extended investigation 
of the gi*eat natural phenomena presented to us in the 
magnetic action of the earth, and to a further elucidation 
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IV PREFACES TO THE ORIGINAL EDITIOK. 

of cei*taiii practical benefits resulting from sncli inquiries. 
The work thus completed will be, as it professes, essentially 
rudimentary ; but, nevertheless, without in any way com- 
promising its scientific, character. Its object is to ;iUustrate 
and explain, theoretically and practically, and as familiarly 
as the nature of the subject will permit, a large class of 
natural phenomena intimately connected with the system 

of the world. 

W. Snow Harris. 

PLTMorTH: August 1850. 



It has been the author's endeavour to carry out in this 
supplementary or second volume of Rudimentary Mag- 
netism the design specified in the Preface to Parts I. 
and II. ; that is to say, an extension of elementary princi- 
ples to an important class of natural magnetic phenomena, 
intimately connected with the physical universe, and with 
the prosperity and advancement of civiKzed life. Keeping 
in view the professed rudimentary character of the series of 
publications of which these volumes constitute a part, the 
author has thought that no kind of auxiliary information 
calculated to assist the student to a clear comprehension of 
the matter immediately before him should be considered as 
out of place in this work, however elementary and simple its 
character ; so that the necessity of consulting other works, 
which may not always be at hand, may be as far as pos- 
sible avoided. This, it is presumed, will be admitted as a 
suflBcient ground for having in some instances referred to 
explanatory notes, which by the more advanced reader may 
be considered superfluous, 

W. Snow Harris. 

Plymouth : February 1852. 
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The tliree parts alltided to by the author in his Prefaces 
to the first edition are in the present volume amalgamated. 
The first Preface refers to the five first chapters (therein 
spoken of as * the two Parts of the present Treatise '). The 
subsequent portion of the work, with the exception of 
Chapter VIII. mentioned below, is the * Supplementary 
Treatise ' alluded to in the author's second Preface. No 
attempt has been made to alter in any degree the general 
character or style of the work ; written as it is throughout 
with that admirable perspicuity which characterizes all 
the writings of its distinguished author. 

The progress of science having, however, rendered some 
additions here and there necessary, the new matter in- 
troduced by the editor may be identified by the square 
brackets in which it is enclosed. It relates principally to 
Faraday's latest researches in Magnetism, and to the recent 
important investigations by the Astronomer-Royal and 
others respecting the deviations of the compass in iron ships. 

For the whole of Chapter VIII., in which an attempt is 
made to give a succinct account of the progress of Terres- 
trial Magnetism during the last tweniy years, the editor is 
responsible. 

Henry M. Noad. 
8t. Geoboe's Hospital : 
October 1871. 
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CHAPTER L 

TBE NATUBAL HAQKETt 

The NatoraT Magnet or Lodestone— Its general Historf— >Natare and 
Fropertiefl — CommnnicatiTePower — ^DirectireFower— Tenmbywhich 
the Magnet has been characterised by variona Nations — Id^ignetie 
Poles or Points of greatest Attraction — The Armed Magnet — Becip- 
rocal Polar Attractions and Repulsions — ^Views of the Ancient 
Philosophers on the Nature of Magnetic Attraction — ^Modern Views. 

1. The earliest scientifio recordfi notice the operations of 
a subtle natnral agency, peculiar in many respects to bodies 
containing iron, and acting more especially on iron and 
steel: by this agency ferruginous particles are drawn 
together, and frequently remain suspended one from the 
other in opposition to the force of gravity. 

Notices of such phenomena are found in very ancient 
manuscripts, especially in those of China, and also in tho 
writings of the Greek and Roman philosophers — Thales, 
Pythagoras, Plato, Aristotle, Lucretius, Cicero, Pliny, and 
several others. 

2. The existence of this subtle agency was first observed 
as a property of a mineral substance of a greyish or reddish 
black colour. The Greeks obtained it from the province of 
Magnesia, in Lydia, and termed it the magnesia/n sione^ also 
fiayyrje (magnes), from whence the modem terms magnet 
and magnetism, the one designating the mineral substance 
itself, the other the peculiar agency supposed to reside in 
it. Hence also the term magnetic attraction^ employed to 
characterise the power or force in operation. 



2 BUDIMENTABT MAGNETISM. 

3. The magnesian stone, or nati/ve magnet, abounds in 
various parts of the earth, especially in iron mines, where 
it is found massive, frequently crystallised, and occasionally 
in beds of considerable thickness. Its constituents are, for 
the most part, oxygen and iron under the form of two 
oxides, the black and red. In 100 parts we have about 73 
parts iron and 27 oxygen : it has been termed inagnetiG 
iron ore. Its colour varies from a reddish black to a deep 
grey. Native magnets &om Arabia, China, and Bengal are 
commonly of a reddish colour, and are powerftdly attrac- 
tive. Those found in Germany and England have tho 
colour of xmwrought iron ; those from Macedonia are more 
black and dull. 

The specific gravity of magnetic iron ore is about 4J 
times that of water, and affords, when worked, excellent 
bar iron. 

The native magnet is sometimes found in the form of small 
grains, constituting what has been termed magnetic i/ron 
sand. Magnetic sand abounds in the Isle of Skye, and in 
Fifeshire in Scotland.* We find also in the iron mines of 
Norway a thick black earthy powder possessing magnetic 
properties. 

4. This remarkable substance has not only the power of 
drawing apparently towards itself small particles of iron, 
and of holding suspended from various parts of its surface 

light rings and other small masses of iron 
^^' ' _ or steel, but, as the ancienta observed, it 
has also the important property of com- . 
municating or propagating, as it were, 
its own attractive power through a series 
of such rings or masses, so as to cause 
them to hang one on another in a sort of 
linked chain. 

Exp, 1. In the annexed fig. 1, let the 
mass M be an irregular block of magnetic 

* lb contains varying quantities of Titanic acidm 
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FOLABITT OF THE MAGNET. 8 

iron ore, moimted on any convenient support t; there will 
be fonnd certain points, n 9, on its snrface so powerfdlly at- 
tractiye as to sustain a series of short needles of iron n 0, 
or a series of soft steel rings 8 ty which may be suspended 
snccessiYely one from the other solely by the force imparted 
to them from the magnet m. 

5. In the celebrated philosophical poem, *De Berum 
Natura,' by the Eoman poet Lucretius, who floTudshed 
about sixiy years before the Ghiistian era, we find the 
magnet, together with these illustrations of its power, very 
beautifully treated. Dr. Busby, in his translation of this 
poem, thus renders the passage :— * 

Now, chief of all, the magnet's power I sing, 

And fsom what laws the attractire fiinctions spring; 

The magnet's name the observing Grecians drew 

From the magnetic region where it grew ; 

Its viewless potent virtues men surprise. 

Its strange ejects they view with wondering eyes, 

When, without aid of hinges, links, or springs, 

A pendent chain we hold of steely rings 

Dropt from the stone — ^the stone the binding source^ 

Bing cleaves to ring, and owns magnetic force : 

Those held superior, those below maintain. 

Circle 'neath circle downward draws in vain, 

Whilst free in air disports the oscillating chain. 

6. The attractive force of the magnet, as shown in this 
experiment, is found to reside principally in opposite points 
of its surface. These points have been termed pohs^ from 
another wondrous property of the magnet said to have been 
known to the inhabitants of China from time immemorial, 
but with which the philosophers of Greece and Borne were 
certainly not acquainted. 

If the magnet be suspended by a delicate silk line from 

some point between the surfaces of attraction, so as to 

admit of its turning freely on that point, the mass will rest 

only in one position : this position wiU be such as to place 

its poles either in the line of the meridian, or very near it : 

one of the sur&ces of the mass will have turned towards 

B 2 
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the north, and the opposite surface towards the south, and, 
if drawn aside from this position, will continue to vibrato 
backward and forward until it again rests in the same 
position. 

In some very irregular and peculiar pieces of magnetic 
iron ore, several such poles have been observed, but they 
are always in opposite points of the mass; the native 
magnet, however, has generally two poles only. 

Exp. 2. Immerse a piece of magnetic iron ore in fine 
iron or steel fihngs; the particles will be attracted, and will 
collect principally in separate and aggregated knots on 
certain opposite points of its sur^Mse. 

Ua^, 3. Having ascertained the position of the poles or 

points of greatest attraction, as at k s, fig. 2, trim the 

specimen in the direction of their axis or line n s, supposed 

Fig* 2. to traverse the mass &om one point to 

the other, so as to give it a somewhat 
oblong regular form, as represented in 
the figure. Suspend the mass by a fine 
thread of silk c ^ in some point c, inter- 
mediate and as central as possible be- 
tween the poles n s; the mass will turn 
and rest in such a position as will place 
the extremities of the axis n s either 
in the direction of the meridian, or 
in a line varying from it by a given 
angular quantity either east or west, 
depending on the particular locality of the experiment, so 
that one of the poles, n, will have turned towards the 
north, and the opposite pole, s, towards the south, from 
which circumstance N has been called the north^ and s the 
south pole of the magnet. 

7. The property by which the magnet is caused to assume 
this particular position has been called magnetic polarity 
or directive power, and when the magnet is free to move 
into this position it is said to ^averse. 




VARIOUS NAMES OF TH\? MAGNET. S 

A plane perpendicular to the horizon and passing through 
N s, the poles of the magnet whilst in their directive 
position is called the jplane of the magnetio vieridiafb. The 
line N s has been termed the direction of the magnetic 
meridian. The angle made between the line N s, or direc- 
tion of the magnetic meridian, and the line of the true 
meridian of the place in which the magnet is suspended, 
has been termed the variation or declination of the ma^et, 
or simply the m^netic declination, 

8. The native magnet appears to have been known in 
almost every country, and at remote periods. The Jews 
were evidently a<5quainted with it. In the Talmud it is 
termed ' achzhab'th,' the stone which attracts, and in their 
ancient prayers it has the European n^me magnes. The 
term employed in different languages to designate the 
magnet is, as may be readily imagined, commonly based 
upon its supposed * love of iron.' Thus, in the Chinese, we 
have the term * thsu-chy,' or love-stone, also * hy-thy-chy,' 
the stone which snatches up iron. In the Siamese we 
have the term * me-lek,' that which attracts iron. In the 
Sanscrit tlie magnet is termed ' ayask&nta,' loving toward 
iron. Euripides terms it * lapis Herculaneus,' the Hercu- 
lean stone, &om its power over iron. Amongst the Euro- 
pean languages we find in the French Taimant,' or the 
loving-stone; in the Spanish ^irnan.' In Hungarian we 
have again the term * magnet ko,' the love-stone ; and so 
of a variety of others. 

In several remarkable instances the magnet has been 
characterised by its directive propOTty (6) : thus in the 
Chinese we have the term * tchu-chy,' the directing stone. 
In Tonkinin we have the term ' d'd.namtchum,' the stone 
which shows the south. In Swedish we have * segel-sten,* 
the seeing-stone. In Icelandic ' leiderstein,' the leading- 
stone, after the Saxon pf ' laedan,' to lead, from whence the 
English name loadstone,' or 4odestone,' and by which 
term the magnet is commonly known in England. In a 
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similar way we derive the term * lodestar,' or guiding star, 
OS applied to the star of tho polo ; also tlie term lode, as 
applied to the leading vein in mining. 

In a few instances the magnet has been named after the 
great hardness of its structure. The Greeks subsequently 
termed the magnet jcaXa^/rac, from whence the word 
* kalamit ' and calamita used by the early French writers, 
and employed by the Italians, and by some other European 
nations at the present day. In the Hebrew also we find 
occasionally the term ' kalmithath ' and ' khalamish,' signi- 
fying hard, callous, rocky. In the Roman we have the 
word ' adamas,' after the Greek ahafiac, signifying un- 
malleable.* 

9. The attractive force of the lodestone or natural 
magnet cannot generally be considered as of any great 
amount. Native magnets in their rude state will seldom 
lift their own weight, and with some rare exceptions their 
power is limited to a few pounds. The smallest magnets 
appear to have the greatest proportionate power. Sir 
Isaac Newton is said to have possessed a small magnet set 
in a ring, the weight of which was only 3 grains, but which 
supported by its attractive power on iron 700 grains ; such 
instances, however, are by no means common. A native 
magnet presented by the Emperor of China to Eling John V. 
of Portugal, the weight of which was about 38 lbs, was 
found in February, 1781, to sustain above 200 ft)S., or 
above five times its own weight. 

10. The effective power of the lodestone may be con- 
siderably improved by means of what is termed an arma" 
ture, which consists of small pieces of very soft iron applied 
to the opposite polar surfaces of the stone, and projecting a 
little below it on each side. The attractive force is thus 
transmitted to the small projecting or artificial poles of 

* For a valuable and comprehensiye dissertation on this subject by 
T. S. Davies, Esq., F.B.S., see Thomson's * Scientific Annual' for 1837, 
page 250. 
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iron (4) : this ia found not only to angment the power, 
bat also to enable the experimentaliBt to bring both the 
poles to bear npon any given mass at the same instant. 

In arming a lodestone in thia way, care must be taken to 
select a piece of magnetic iron ore having two poles (6), 
and possessing some conaiderahle power. The opposite 
faces F M, fig. 3, in which the poles reside, shonld be 
sqnared off 1^ a lapidary's wheel, and made smooth and 
regnlar, and in somo cases it may be desirable to trim tho 
specimen and give a regular form pjg. 3. 

to the whole bloct, keeping the 
distance of the poles p h or axis 
H B, fig. 2, as great as possible,* 

The pieces intended for the " 
armature should be made of very 
soft iron, and each formed with 
a vertical face abont Jth to Jth 

f an inch thick, with a projecting sohd foot below, as at 



a p and b n, fig. 3 ; the vertical face 
being closely applied to tho polar 
surfaces, and the mass allowed to 
rest on the projecting feet p n, 
foTming the artificial poles. Things 
being thus arranged, the whole is 
bound firmly together by a cap 
silver or brass, or by plain metallic 
bands, as represented in A B and d, 
fig. 4. A ring E is usually fixed in 
the upper part of the cap for the 
convenience of raising the whole 
mass, and a transverse piece of soft i 
or lifter, fiimished with 



i'ig. 4. 
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K, termed a 
central hook 0, ia placec 



• The natire magnet teing uf a callous and cloae tciturs, Bufflciently 
hard to afford sparks when etrack againfit eterf, is difficult to work with 
common tools. It may, however, be trimmed into form by meanfl of a 
lipidat7Swheel,aiotheiwheeUsmploy«diDcnttiiig and grinding glajs. 
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the artificial poles jp n, bo as to unite them. This keeper 
is found to preserve and increase the attractive force of 
the poles, especially if the magnet be suspended by its 
upper ring B, and weights be attached to the hook G, and 
by which its power may be roughly estimated. 

If the armed magnet be thus suspended, and a small 
scale-pan attached to the keeper e, an additional weight 
may be added daily for a considerable time : the lodestono 
thus armed inay be caused to sustain from twenty to thirty 
times its own weight. 

When an armed lodestone is employed for particular ex- 
perimental inquiries or other purposes, the keeper k may 
be removed, but it should be replaced when the magnet is 
not in use. 

11. Although the attraction of the magnet for iron may 
be considered as its most general and characteristic pro- 
perty, yet this property has not been found so universal as 
to be without very remarkable exceptions ; the exceptions 
being such as to involve what at first appears a totally 
opposite and difierent kind of power. Pliny, in the 36tb 
book of his Natural History, has an obscure allusion to 
such a power : 'There is (he says) a kind of stone in Ethio- 
pia, which will not abide iron, but repulses and driveth iron 
away from it.'* Marcellus, an empirical physician, who 
flourished under the Emperor Theodosius, about the year 
400 of our era, alludes to the magnet as the attractor and 
repulsor of iron. 

It is, however, very doubtful whether the ancients were 
fally acquainted with the properties of magnetic repulsion, 
such as now observed. Lucretius, who was certainly well 
acquainted with the history of science up to his time, is 
quite silent upon this subject. The discovery, therefore, 
of the repulsive power of the magnet is, in all probability, 
of very modem date. 

* * Alius rursus in eadem Ethiopia non procul mons gignit lapidem 
theamedem, qtd ferrom omne abigit respuitque.' 
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If we snspend a magnet by a fine silk fibre over anotbef 
magnet, or near another magnet also suspended, the poles 
of these magnets will arrange themselves in such a way as 
to bring the opposite poles together ; the similar poles are 
found so powerfiilly and reciprocally repulsive, as not to 
allow the masses to rest with their similar poles in juxta- 
position. 

Exp. 4. Procure two small 
masses of magnetic iron ore, 
and having determined the 
position of the poles (6), pre- 
pare the pieces as before 
described (6), and suspend 
one over the other, as in the 
annexedfig. 5. The north poles 
"S N will be found to arrange 
themselves immediately op- 
posite the south poles s s, 
and so decidedly, that the sus- 
pended magnet n s will not 
rest in any other position. 

12. We perceive, then, by this experiment that a repellent 
magnetic force is attendant on magnetic polarity, and that 
consequently any mass of iron having fixed polarity (7) 
would be repulsed by the magnet whenever the like poles 
were opposed to each other. Now the polarity of the lode- 
stone is altogether dependent on the iron it contains ; and 
we should therefore expect to find common iron possessing, 
in certain instances, similar properties to those of the 
magnet. Such cases would be attended by the develop- 
ment of a new and opposite force, not observed in the ordi- 
nary operations of the magnet on ferruginous matter. It 
is well known that pieces of common iron, which have been 
for a great length of time in one fixed position, or under- 
ground, acquire considerable polarity — ^in fact, become 
magnets : this very frequently happens with old turret vane- 

Bd 
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spindles, and the old msty bars of abbey windows. In tbe 
* Memoirs of tbe Academy of Sciences ' for 1731, we find an 
account of a large bell at Marseilles haying an axis of iron: 
this axis rested on stone blocks, and threw off from time to 
time great quantities of rust, which, mixing with the par- 
ticles of stone and the oil used to facilitate the motion, 
became conglomerated into a hardened mass; this mass had 
all the properties of the native magnet. The bell is sup- 
posed to have been in the same position for 400 years. 

This curious fact not only serves to elucidate the early 
observations of the magnet's repulsion for iron, but it 
throws further light on the probable source of the polarity 
of the magnet itself, 

13. The views of the ancient philosophers respecting the 
immediate source of the power of the magnet were such as, 
on a first acquaintance with the phenomena, might have 
been anticipated. Directing their attention to occult causes, 
they were driven to assume the existence of a peculiar 
essence or effluvium, which, being emitted by the magnet, 
dragged the iron, as it were, into its embra.ce. Lucretius 
advances a step farther upon this crude idea, and supposes 
that the magnetic effluvium drives the air out of the space 
existing between the magnet and a piece of steel or iron, 
and, by thus producing a vacuum, causes the iron to be 
pressed towards the magnet. In his poem we find the fol- 
lowing lines, as translated by Busby : 

Soon shall we trace by what mysterious laws, 
What secret energy, what latent cause, 
Steel, the strong magnet, actuates and draws. 
First, then, my loTed illustrious Memnon, know^ 
Ceaseless effluvia from the magnet flow, — 
Effluvia, whose superior powers expel 
The air that lies between the stone and steel. 
A vacuum formed, the steely atoms fly 
In a link'd train, and all the void supply ; 
While the whole ring to which the train is join'd 
The influence owns, and follows dose behind. 
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Thales, tbe celebrated philosopher of Miletas, conceived 
the magnet to be endowed with a sort of immaterial spirit^ 
and to possess a species of animation. 

14. Leaving for the present, however, all such meta* 
physical speculations, it will be sufficient to recognise the 
important fact, that whatever be the hidden cause of mag- 
netic phenomena, it may with safety be inferred, firom the 
attractions and repulsions of similar and dissimilar poles 
just described (11), that the direct practical consequence 
of magnetic polarity is the development of two dissimilar 
and distinct forces, repulsive of themselves, but attractive 
of each other. It is with these two forces, and the laws of 
their action, that the experimentalist and mathematician is 
more immediately concerned : they have been accordingly 
considered as positive and negative forces, and have been 
characterised by the positive and negative signs. These 
forces have been also termed north and south polarities, or 
magnetism, as expressive of their mutual relations to the 
directive property of the magnet. The following simple 
formula expresses concisely the fundamental law of their 
reciprocal action — * Similar polarities repel, opposite polari- 
ties attract each other.' 

15. The student will perceive, that in assuming the exist* 
ence of these opposite forces, he is merely expressing a fact 
totally independent of all metaphysical speculation. 

From whatever source the forces may arise, that would 
in no way affect their existence as mechanical qualities. 
In looking through the operations of other hidden principles 
of nature, we find in all of them what may be considered as 
opposite or antagonistic qualities. Thus we have light and 
darkness, heat and cold, gravity and levity, action and 
reaction, &c. Now, although it be proved that no positive 
principles, such as darkness, cold, levity, Ac, have exist- 
ence, yet, taken as the negatives of light, heat, gravity, 
&c., we could, if it were requisite, represent and employ 
darkness, cold, levity, &c.y as so many antagonistic forcest 
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If I mix a certain quantity of hot water with a certain 
quantity of ice, I may, in a certain sense, be said to mix 
heat and cold together; and the resulting temperature 
would be either a neutral temperature, as referred to a 
given standard, or it would be in excess or defect of such a 
standard, and might be faithfully characterised either by 
zero or by the positive or negative signs, to denote the 
exicess or deficiency in relation to this standard. In the 
present imperfect state of our knowledge of the cause of 
electrical and magnetic forces, it is at least useful and con- 
venient to consider these forces under this form, with a 
view of better representing to the mind the laws of mag- 
netic action, and linking into an intelligible chain the several 
phenomena presented to ns^ 
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CHAPTER IL 

THE ABTII^ICUL HAGNET. 

The Artificial Magnet — ^How produced — ^Various Forms and Methods 
of Magnetizing->Froperties of a Magnetic Bar— It assumes a definite 
Position of Direction and Inclination — Its Force yariable in different 
points of its Length — ^Magnetic Centre, Axis, and Poles — ^Attraction 
and Bepnlsion of the opposite Polar Forces — ^Lines of Magnetic 
Force — ^Beciprocal Action of Magnetic Bars on each other— Magnetic 
Induction or Influence — ^Reactiye Force of Iron on Magnets. 

16. The commnnicative property of tte lodestone (4) 
may be considered as the great sonrce of the advances and 
of many of the grand modem discoveries achieved in this 
interesting department of science ; for althongh the attrac- 
tive property conmiunicated to soft iron or steel by contact 
with the lodestone (fig. 1, p. 2) commonly vanishes so soon 
as the iron is removed from the magnetic pole, yet in many 
remarkable instances the attractive power, together with 
all the properties of the original magnet, remain, and we 
obtain what has been termed an artificial magnet, 

Bxp, 6. Procure a small bar of steel about 8 inches in 
length, ^th of an inch wide, and ^th of an inch thick, or a 
piece of common steel wire of 

commerce of about the same^ '^* * ^ 

length and from Jth to ^th of an i ' ' . . rzj 

inch in diameter. Let the steel 
be well hardened and tempered 
by plunging it at a cherry-red 
heat' into cold water ; when cold 
and polished, apply each extre- 
mity in succession to the opposite poles of an armed mag- 
net (10), fig. 8, first touching with gentle friction one extre- 
mily of the bar, or one of the poles and the opposite extre- 
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mitj on the other pole, or, which is better, draw the bar a h, 
fig. 6, a few times, in the direction of its length, across the 
two poles mn of the magnet m, as represented in the fignre, 
and in such a way as not to pass either extremity, ah, beyond 
or off the opposite poles m n ; finally, bring the bar a & so as 
to rest with its extremity a h equally distant from each pole 
mn ; that is to say, bring the poles m n at the centre of the 
bar, or as nearly as may be. In this position remove the 
bar from the poles. The bar will now be found attractive 
of particles of iron, common steel needles, and other fer- 
ruginous matter : when suspended it wiU arrange itself in 
the direction of the magnetic meridian (7), and will, in 
fact, have all the properties of the lodestone (6, 10, 11), 
including the impoi'tant property of imparting or exciting 
a magnetic condition in tempered steel. 

Ex;p, 6. Take a small bar of steel which has been rendered 
magnetic by the process just described (Exp. 5), apply it 
with slight friction to a piece of hard steel wire or a similar 
bar, and in such way that the opposite extremities of each 
bar may have contact attended by a slight degree of friction : 
this second bar or wire will be found also to have acquired 
a similar magnetic condition to the first ; and this process 
may be continued from the second to a third wire of steel, 
and so on without limit. 

The propagation of magnetism from one bar of steel to 
another, as illustrated in this experiment, enables the experi- 
mentalist to obtain artificial magnets to any given amount $ 
and since the form and magnitude of the steel has not been 
found to interfere with the generality of the result, we are 
farther enabled to obtain magnets of any required figuue or 
magnitude. 

17. It is to be especially observed that the polarities (14) 
excited in the opposite portions of a steel bar by this artificial 
process of magnetizing (16) are the reverse of those of the 
magnetic poles to which these portions have been applied 
(16). Thus in Exp. 5, fig. 6, if the extremity 6 of the steel 
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a &, rest on tlie north or positive pole n of the magnet u ; 
the polarity induced in that extremity h, will be a south or 
negative polarity (14). Reciprocally, if the extremity n be 
brought to rest on the negative or south pole m, then the 
polarity induced in that point of the steel will be a positive 
or north polarity. 

This result may be conceived to depend upon the general 
principle aheady explained (14), viz., that the north mag- 
netism of the pole n of the magnet repels the similar or north 
magnetism of the bar, and attracts the south, — and recipro- 
cally the south magnetism of the pole m repels the similar 
magnetism of the bar, and attracts the north : hence the two 
positive and negative elements (14) resident in the bar have 
become disunited, and caused to appear as two separate and 
distinct forces. Hence it has been found desirable for prac- 
tical purposes to mark one extremity of an artificial magnet 
with a small file cut, carried round the bar : the marked 
end is generally that extremity which points north when the 
magnet is suspended. This means of distinguishing the two 
poles is found of great importance in practical magnetism. 

18. Magnetized steel was in all probability first obtained in 
the way just described (16), as may be inferred from several 
terms used by the Chinese and other Indian nations to desig- 
nate the magnet. One of these, used by the Chinese and 
Japanese, refers to the magnet as the * stone for rubbing the 
needle ;* others call it the * stone for the steel needle : ' the 
native magnet, however, is not the only source of magnetism 
in steel ; it is now found that a magnetic condition may be 
excited in hard steel by various mechanical processes, such as 
filing, hammering, drilling, and the like ; also by changes of 
temperature>as in the heating and cooling of iron; likewise by 
mere position alone ; finally, by voltaic or common electricity. 

19. We have now arrived at a complete notion of an 
artificial magnet, which, as we see (16), consists of a mass 
of hard steel possessing all the properties of the lodestone, 
and which have been imparted to it by artificial means* 
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Artificial magnets, as jnat observed, may be of any re- 
quired fonn, or of almost any dimensionB, according to the 
particalar views of the ezperi- 
Fig. 7. mentalist: for general pnr- 

yf- " / , pOBCB they are limited to 

Btraight harB, Buch as repre- 
sented in fig. 7, or otherwise 
to bars bent into a curvilinear form, resembling a horse-Bhoe, 
as in fig. 8 ; the branchcB c j> 
^- ^' and e to being longer, and the 

extremities J) n nearer than in 
the common horse-shoe. Many 
euch bars, either straight or 
carved, form, when combined, 
what is termed a e<m.^om.i magnet, snch, for example, as 
that represented in figs. 9 and 
ne.S. Fig. 10. jp_ The combmation of seve- 

ral componnd magnets with 
projecting armatures (10) 
constitutes a magnetic iaitery 
or machine. The dimensions 
well adapted to magnetic bars, 
either strmght or curved, are 
such as to give the breadth 
about -^th OP -j^tii of the 
length, and the thickness 
Bomething less or not exceed- 
ing one-half of the breadth. 
20. Although the simple method of magnetizing we have 
just described (16, Esp. 5), is sufficient for small bars, 
plates, OP cyhnders of steel, yet it is not equally appHcablo 
when required for the production of a high degree of power 
in artificial mc^nets of considerable magnitude. To obtain 
this, several methods of magnetizing, to be hereafter no- 
ticed, have been proposed: it niay, however, be at present 
sufficient to describe the following — the best perhaps of 
any for general practical pnrpoBes. 
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Let it be required, for example, to magnetize two straiglit 
bars of highly tempered yjg ^^ 

steel, fig. 7. Place the bars 
p 8y p' if^ fig. 11, on a flat 
board between two pieces 
of soft iron, p «', p' ^, about 
6 inches in length, and of 
the same breadth and depth 
as the bars, and in sach a 
way that the opposite 
marked extremities, p p\ may be in opposite angles of the 
parallelogram p p\ This arrangement being made, and the 
parallelogram secured in its position, apply an armed mag- 
net, or, what is better, a combination of magnetical horse- 
shoe bars H, to one end, s, of either of the bars p 8, taking 
care, on the principle explained (16), to place the compound 
magnet M on the bars in such a way that its marked pole 
will rest next the unmarked extremity, «, of the bar, or 
conversely if placed on the marked extremity, p, of one of 
the bars; then the opposite or unmarked pole of the com- 
pound magnet H may rest next the marked pole p. Things 
being thus arranged, continue to slide the magnet upon tbe 
bar, carrying it completely round the whole parallelogram 
in one direction, sp, s'p^ and stopping finally in the centre, 
c, of one of the bars. Repeat this process on each face of 
the bars, and a very high degree of force will be found to 
have been produced; the whole parallelogram will liang 
together, and each bar, on separating the keepers, p s', sp', 
will have acquired a high amount of permanent magnetism. 

To magnetize a bar of tempered steel, &g. 8, curved into 
the horse-shoe form, fix the bar, fig. 12, on a fiat board, 
with its extremities, p 5, against a straight piece of soft 
iron, p 8y of the same thickness and width as the bar. 
Having secured the whole in this position, place a com- 
pound magnet M, or an armed native magnet, on one of 
the extremities, 5, of the curved bar, taking care that the 
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opposite or marked and nnmarked ends are in contact with 

each other. Continue as 
Fig^l2.^ before to glide the magnet 

M several times round the 
whole series, and in the 
same direction, « c j?, finally 
stopping in the centre, c. 
Repeat this process on each 
face of the bar, when a 
high degree of power wiU 
have become developed ; so 
much so, that the iron or keeper jp 8 cannot be directly- 
pulled away without considerable force, and in some in- 
stances cannot be conveniently removed except by sliding 
itoE 

In order to preserve effectually the magnetism thus ex- 
cited in bars of steel, it is requisite, when not in use, to 
keep their opposite poles united by means of pieces of soft 
iron ; that is, in the same way precisely as in the process 
of magnetizing shown in figs. 11 and 12, 

21. Properties of a magnetic bar, — ^If a bar of tempered 
steel be carefully prepared, and poised upon a central point 
so as to be indifferent as to position, and further be so 
balanced and suspended as to be at liberty to move in a 
horizont^;! plane, then, on being rendered magnetic (16), 
it will be no longer indifferent as to position, but will 
gradually settle in a plane either passing immediately 
through the meridian of the place or differing from it by a 
given angular quantity : if turned aside from this direction, 
and again set free, it will continue to oscillate across the 
meridian backwards and forwards, until it again rests in 
the same position, as in the case of the native magnet (6). 
K the bar be also at liberty to move in a vertical plane, 
then, whilst turning into this meridional plane, it will at 
the same time incline or dip one of its .extremities below 
the horizontal line, which in these latitudes amounts to an 
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angle of nearly 70 degrees. The extremity which thus 
dips, is, in latitude north of the equator, turned towards 
the north pole of the earth, and, in latitudes south of the 
equator, towards the south pole of the earth. The inclina- 
tion increases as we proceed north or south from a certain 
great circle of the sphere traversing the equatorial parts of 
our globe, and in which the inclination is nothing. 

Exjp. 7. Take a perfectly straight and even bar of steel, 
p s, fig. 13, sufficiently 
hard to retain a mag- ^'^' ^^* 

netic state. It may be 
7 inches long, ^th of an 
inch wide, and ^\h. of 
an inch thick. Drill a 
clean hole through the 
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centre of the wide sur- p ^^/ ^ 

face, and then pass an «^^ .— j ^ ^ 

extremely fine drill also /' 

through the centre y 

transversely to this hole, / 

across the thickness of A' 

the bar, edgewise, and so accurately as to pass through the 
centre of gravity of the mass, or as nearly as possible ; 
proceed now to complete the equilibrium of the bar upon a 
fine needle as an axis, and in such a way as to render it 
indifferent as to position in a vertical plane or nearly so, 
and that whether it be placed with one or the other face 
uppermost. Let the bar be now magnetized (16), and then 
mounted on its central axis ; run the axis through a small 
silver stirtup, c r, and suspend the whole by a fine silk fibre, 
r ^, attached to a fixed point t ; the bar P S will be observed 
gradually to assume a definite and oblique position, 'p n^ 
inclining in these latitudes its north pole, P, nearly 70 
degrees below the horizontal line, turning at the same time 
into a plane deviating from the plane of the meridian by a 
given angular quantity ; the lower extremity having turned 
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towards the north, and the other extremity towards the 
south ; and it may be likewise observed, on the principle 
already stated (17),^that the extremities which have thus 
turned the one towards the north and the other towards the 
south, will have been derived from the opposite poles of the 
lodestone or magnet by which it has been magnetized. 

22. This experiment requires considerable mechanical 
skill and care in the preparation and balance of the bar, sp 
as to poise it accurately about its centre of gravity : a very 
straight piece of cylindrical steel wire, which is generally 
sufficiently hard to retain polarity, may be employed for the 
purpose, or the steel of which the bar is made may be also 
rendered sufficiently hard to retain a magnetic state by 
simple hammering on the anvil, and yet admit of its being 
drilled and worked. The process of hardening after the 
requisite balance has been effected is liable to warp the steel 
and vitiate the experiment. We may, if we thought it de- 
sirable, harden the extremities only, by dipping them at a 
cherry-red heat into cold water ; but for this and the follow- 
ing experiments it is desirable to employ naturally hard steel. 

23. If the bar be again applied to the lodestone or magnet, 
but in a direction the reverse of that by which its previous 
magnetic condition was excited (16, Experiment 5), that is 
to say, if the north pole of the bar rest on the north pole of 
the lodestone, and the south pole on the south pole of the 
lodestone, then if the experiment be carefully made, we may 
totally and exactly destroy the magnetism previously excited, 
or, by continuing the magnetizing process (16), reverse the 
poles and magnetize the bar in the opposite direction, that 
is to say, induce a north pole in the extremity which was 
before a south pole, and a south pole in the extremity 
which was before a north pole. 

Uxp, 8. Let the bar be rendered neutral by an equal and 
reverse process of magnetizing (16) ; replace it on the axis 
as before. Experiment 7 : it will be again indifferent as to 
position, and will remain perfectly horizontal. 
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Eix^. 9. Pass the bar across the poles of the lodestone 
(16) so as to magnetize it in an opposite direction to that 
in the former experiment (7) ; replace the bar on its axis, 
the phenomena before observed (21) will re-appear, but the 
extremity which before inclined and pointed north, will now 
be raised and will point south, and conversely the extremity 
which was before raised and pointed south, will now be 
inclined and will point north. 

It is not difficult, after a little experience, to destroy ez» 
actly the previous magnetism by an equal and reverse pro- 
cess of magnetizing (16) : it may be minutely affected by 
small final contacts with the similar pole of the lodestone, 
so as to cause the similar polarities to repulse and destroy 
each other (14) ; the neutrality may be considered as having 
been sufficiently effected if on plunging the ends of the bar 
into soft iron filings, the filings do not adhere magnetically 
to the poles. 

24. As the perfect success of the preceding experiments 
requires very great mechanical skill in the construction and 
adjustment of the needle or bar, it may be desirable to 
describe a less difficult means of observing the mere facts of 
the dip and direction by two distinct and simple processes. 

It will be convenient, for experiments 
of this kind, to employ a stand or sup- 
port, the altitude of which may be 
varied, such as is represented in the an- 
nexed fig. 14, in which jp g is b, light 
tube of brass,sliding with friction within 
a second tube jpT. The extremity ^r of 
the sHding part gives support to a fine 
vertical and pointed needle g m, upon 
which ahorizontal magnetic bar c(? may 
be delicately suspended ; and also to a 
short horizontal arm, also terminating 
in a short, fine, and pointed needle, 
upon which a bar jp h may be suspended so as to traverse 
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in a vertical plane. The whole is supported on a firm 
foot T. 

Exjp, 10. Poise a b'ght steel bar jp 5, fig. 14, similar to 
that employed in the former experiments, on the short 
horizontal axis, the pivot-hole passing nearly but not quite 
through the bar edgewise, and in such way as to rest hori- 
zontally with either face upwards. 

Prepare a second similar bar c ^, and having magnetized 
it, balance it horizontally on the fine needle g m ; the bar jp h 
being removed, this bar c d will arrange itself in the direction 
of the magnetic meridian (7), with all the attendant cir- 
cumstances before described (16), The direction c d being 
determined, turn the stand until the arm ^ ^ is at right 
angles to the direction c d ; remove the magnetized bar c d, 
and magnetize and place the balanced bar p h on ihe fine 
pivot axis ; the bar will then assume an oblique position, 
and all the general phenomena of the inclination may be 
observed as before described, Experiment 7. 

This dip or inclination, together with the direction of the 
magnetic needle, is not everywhere alike, especially the dip, 
which varies from the equatorial parts of our globe where 
it is 0, to the polar regions where it is a maximum or 90®* 
The direction is less variable, it being in some places a little 
to the east of the north, in others a little to the west, and 
in some points of the earth's surface there is no variation. 

25. The force developed in a bar of steel rendered mag- 
netic by artificial means, is greatest at the two extremities 
or poles of the bar, from whence it is found to decrease 
toward the centre, or some point intermediate between the 
Fig. 15. two poles in which the force 

is no longer apparent. 

Eayp, 11. Take a powerful 
magnetic bar n s, ^g, 15, 
about 2 feet in length, an 
inch wide, and x^tt^^s of an 
inch thick. Let this bar be 
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eqnallj hardened throughout its length, and be uniformly 

magnetized. Place it on an elevated point of support 6, as 

represented in the figure. Apply now at each extremi^ 

5 s, BJid at any given points a &, and a' h\ intermediate 

between the extremities N s, and the centre o, a series of 

small rings of soft iron wire, varying from fths of an inch to 

^th of an inch in diameter, and formed of wire of -^th to -^th 

of an inch in thickness. The number of rings of equal size 

which may be thus suspended in series (4), will vary 

throughout the distance between the centre o, and either 

eztremiiy N s, of the bar. The number which can be 

sustained at the poles n s, being greater than at points a a\ 

nearer the centre, and the nxunber which can be supported 

at certain points a a', will be greater than the number which 

can be supported at other points h V^ within these, nearer 

the centre c, and so on until we arrive at a point c, in which 

no attractive force is apparent. 

The variable attractive force between the centre and poles 
of the magnetic bar may be very beauti^lly observed by the 
simple balance, described at page 85, fig. 29. By passing 
the bar &om point to point under the suspended iron, and 
regulating the distance to the same point by a divided scale, 
the increased attraction on each point, as we approach either 
pole, may be minutely determined. We have only to select 
such distances as will enable us to observe the increasing 
force without oversetting the beam of the balance. 

26. The points in which the force is absolutely at zero will 
be found in a Hne passing across the surface of the bar trans- 
versely to its length, and, if the bar have been carefally 
magnetized (16), will divide it into two equal parts. It will 
consequently be at the centre of the bar. This line has been 
termed the mecm or neutral Une of that surfitce. In a similar 
way the points of greatest attraction will be found in two 
similar lines parallel to the mean line and at each extremity of 
the bar : these lines have been termed the lines of the jpolea, 
A line passing longitudinally through the centre of the mean 
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and polar lines, and dividing the bar into equal longitudinal 
parts, has been termed the aodal Ivne of that surface. The 
point of intersection of the axial and mean lines has been 
termed the magnetic centre^ and of the axial and polar lines, 
the magneUe poles of that surface. 

If each surface of the bar be similarly magnetized (20), 
so that the magnetism of the opposite and homologous 
points is equally and similarly developed, then all these 
points and lines on each surface may be taken to coincide 
and concentrate in the substance of the bar, giving to the 
bar an ideal transverse and longitudinal magnetic axis, or 
a magnetic centre and two magnetic poles. 

The term pole, it is to be observed, has been occasionally 
employed in other senses ; each half of the bar, for example, 
has been termed a pole. It has been also used to designate 
a sort of ideal point within each extremity of the bar, in 
which all the forces may be conceived to be collected, and 
to be the same as if proceeding from every point of each 
polar half of the bar, — ^much in the same way as we con- 
ceive the existence of a point of concentration of force 
within any material substance, and which we term the 
centre of gravity. 

27. In magnetizing a bar of hardened steel by artificial 
magnets (21), it is requisite to touch each surface in pre- 
cisely the same way, and stop the process exactly at the 
centre (21) ; that is, if we require each surfiwe to be alike, 
and the bar to be rendered uniformly magnetic from its 
centre to the extremities : in fact, the superficial boundaries 
of a bar of steel, of very sensible thickness, may be con- 
sidered, when magnetized in the common way (21), as so 
many distinct laminee, each of which may be taken mag- 
netically as separate systems, so that the centre and poles 
of the one surfcbce may fall differently to those of the other. 
It is by no means easy to obtain a magnetic bar extremely 
perfect as an experimental agent. We require, in the first 
place, steel of a uniform texture and equally hard in every 
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point, and to be magnetised in snch way as to render the 
magnetic condition of each Borface identical and coincident. 

28. The position of the magnetic centre and poles of each 
snrface, together with the general magnetic condition of 
the bar, and the reciprocal attraotions, repulsions, and 
nentralisation of the cqiposite forces (14), may bo very 
beantifully shown in the following way. 

Exp. 12. Strain a piece of common drawing paper on an 
open frame i C, fig. 16, and place it over a hard ateel bar 
B H, regnlarly and jig, jg, 

powerftdlyinagnetic ; 
project on the paper 
over the bar, through 
a small muslin or 
lawn sieve, some fine 
iron dnfit or filings ; 
the particles will ar- 
range themselTes in a series of onrred lines of magnetdo 
force proceeding from homologons or similar point»on each 
side of the middle of the bar, some uniting abont the m^- 
netic centre, others standing oat at the exb^mittes as if 
repelled from the poles s a, and tending to turn at con- 
siderable distances into other cnrved lines of force, to unite 
their branches between the opposite poles. This experiment 
may be rendered more decisive by slightly tapping the 
finger on the paper, so as to give the particles a little vibra- 
tion. 

Slip. 13. Oppose the difleimilar poles B k, fig. 17, of two 
poweifal bars to each j.j U^ 

other at abont 2 inches 
distance, and project 
over them fine iron 
filings as before ; si- 
milar results ensne. 
Magnetic lines of 
force, both straight 
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and cnrred, and proceeding from aimilar pointa of each bar, 
will be apparent, nniting the two poles b; cbains of reci- 
procal attraction, 

Exp. 14- Change the position of one of the bars, bo as to 

oppose two similar poles n k, fig. 18 ; the lines of force will 

t^ea appear to be conflicting lines j the repolsiye forces will 

cause a straight line a & 

B' ' to appear on the open 

space or field between 

the poles, &om which the 

iron dost Btwids oafc 

transrersely. At this 

line, the opposed forces 

on either side are appa< 

rentJy stmggling with each other, being exerted in repnl- 

sive directions from the opposed poles. 

We have in these phenomena satiafactoiy visiial evidence 

of the existence of two distinct forces— of their reciprocal 

attaractions and repaJsions, and their mntiial nentrohsation, 

29, A light magnetic bar N 8, fig. 19, or a small magnetio 

steel cylinder, of great comparative length, has been termed 

j^g^ 19_ a ■magnetio needle. When 

_ ; g delicately poised on a een- 

' ■ - .1 '-^ traJ point c, so aa to retain 

a horizontal position, and 

move freely in a horizontal 

plane, it has been termed 

the horiTxmtalneeAle. When 

poised on a fine central 

axis t, fig. 14, so as to move 
freely in a vertical plane, it haa been termed a vertkal or 
dipping needle. If suspended as in fig. 13, so as to have 
motion in both a horizontal and vertical plane, it has been 
teimed the horizontal and vertical needU. 

Two^needles N s, 8 k, fig. 20, precisely ecinal and similar, 
poised upon a fine centre c, and fixed to each other with their 
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upposiie poles K s, s K, one immediately over the ottLer, form 

what is termed an cLstatio needle. In this comhinationi the 

directive force of the needles Fig. 20, 

(7) may be considered as be* jsj if 3 

ing altogether nentralised, or ' — 

nearly so ; since it is not only ' -^^^ 

exerted in two equal and op- 




posite directions, bat the dis« 
similar polarities N s, s n tend 
to neutralise each other. 

80. Instramentsfor ascertaining whether a substance has 
polarity or not, and for detecting the presence and kind of 
force in operation, have been termed magneioseopes. The 
horizontal, vertical, and astatic needles (29) may be con- 
sidered as instruments of this kind. The most simple kind 
of magnetoscope is a small horizontal needle, about an inch 
in length, delicately suspended by a fine silk fibre, or other- 
wise set upon a fine point and agate centre, within a small 
wood or glass case, as represented in the ^. „^ 

annexed fig. 21, and so set as to admit of '^' "' 

some degree of dip or depression of either 
pole, as well as a perfect motion in a 
horizontal plane. From the attractive and repulsive forces 
of similar and dissimilar poles (14), it is evident, from the 
kind of effect produced on the poles of the magnetoscope, 
we may always determine the presence or kind of polarity 
acting on it. Thus, if such an instrument as that just 
described, ^g. 21, be glided along the surface of any given 
substance without any attractive or repulsive effect being 
apparent, such a substance may be considered as non- 
magnetic. If, on the contrary, we find both poles of the 
instrument everywhere attracted indifferently, then we may 
infer that the substance is a magnetic substance : such 
woxdd be the case with a piece of common soft iron. 
Should we find certain points attractive of one of the poles 

of the small needle, and repulsive of the other, then we may 

c2 
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infer that not only is the snbstanoe a magnetic substanc^y 
but that it has also polarity* or is a magnet. 

EECIPEOCAL ACTION OP MAGNETIC BARS. 

31. If a magnetic bar be poised horizontally on a central 
point (29), and a piece of soft iron be presented to it, the 
iron will be found attractive of either pole. Such, how- 
ever, is not the case on presenting to it a piece of magnetio 
steel. In this case, as in that of the native magnet (11), 
£g. S, Exp. 4, it is found that the similar poles, or those 

which, when the 'masses 
are suspended, point in the 
same direction, repel each, 
other ; whilst the opposite 
or dissimilar poles attract. 
J^a.p.15. Suspend a mag- 
netic bar N p, fig. 22, on a 
fine centre c, and present 
to one of its poles P the similar polep of a second barjp »t, 
the pole p will immediately recede, and be apparently 
repulsed : present the pole jp to the opposite pole n, the 
reverse of this will ensue — the bar N p will be apparently 
attracted. 

^^g* ^3. j^ojjp. 16. Place a mag. 

JI netic needle or bar n *, fig, 

K 23, immediately over a 

^ strongly magnetised bar 

SN: the needle, as in Exp. 4 

(11), with the native magnet, will rest in no other direction 

but that in which the opposite poles s n and s N are 

opposed to each other. 

32. These reciprocal attractions and repulsions may be 
taken as further evidence of the operation of two opposite 
forces, or magnetic elements, repulsive of themselves, but 
attractive of each other (14), and which, when intimately 
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combined, exactly neutralise or compensate their respective 
attractions and repulsions, constituting, in their combined 
state, what may be termed the IcUent magnetism of the bar. 
When separate, and removed in a greater or less degree 
from their reciprocal influence, they become more or less 
active, and are thus in a condition to operate on the latent 
magnetism of other ferraginous matter (4). The neutral- 
isation of these forces, and their tendency to unite, is well 
illustrated in the following way. 

Ex^.l7. Place a short piece ^. 

of soft iron T, fig. 24, about > • ■ j^j ' 'y -— , x 
5 inches long, in contact with (J 

a powerfdl magnetic bar M, 

which may be about 2 feet in length (19). Suspend from 
the iron t, by the attractive force communicated to it (4), 
a steel or iron ring r. Under these circumstances, let a 
second similar bar m', fig. 25, be applied to the opposite 
extremity of the iron Fig. 25. 

T, and in such a way y ' ' j^ y y . Jsr ^ 

tliat the dissimilar poles ^^C)^ 

f^ 8 of the two bars may 

operate on each other through the substance of the iron : 
the result will be, that the two magnetic elements will so 
exactly neutralise each other as to cause the ring r to fall 
away, the attractive force before imparted to the iron by 
the pole of the magnet y being in this case completely 
destroyed. 

HAGNETIO INFLUENCE OR INDUCTION. 

33. We have just seen (32), Experiment 17, that when a 
piece ef soft iron is brought into contact with a magnetic 
pole, it immediately acquires an attractive power, as if the 
magnetism of the pole had spread out and pervaded the 
iron. In fact, if we examine a piece of iron thus circum- 
stanced by means of the magnetoscope (30), we find the 
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same polarity continned tlirongliout the iron; it will every- 
where attract one polo of the magnetoscope, and rcpnlse 
the opposite pole. If, however, we separate the iron t, 
fig. 24, from the magnet, and retain it at a short distance 
from the magnetic polo, then a new case appears to arise ; 
that portion of the iron next the magnet will have an 
opposite polarity to that of the pole to which it is opposed ; 
the two magnetic elements (14) resident in the iron will, in 
fact, become separated ; one of them will be sensible at the 
extremity next the magnet, and the other at its distant 
extremity — ^a result which we might expect to follow from 
the repulsion of the similar elements and the attraction of 
the opposite elements (14). This separation of the latent 
magnetism of the iron into its constituent elements has 
been termed magnetic induction. It is altogether a tempo- 
rary state or condition of the iron sustained by the influence 
of a magnetic pole, and vanishes so soon as that influence 
is withdrawn. 

Exp, 18. Place the small magnetoscope (30), ^^, 21, on 
the mass of soft iron T, fig. 24, Experiment 17, in contact 
with one of the poles of the magnet H, suppose the north 
pole ; it will be found that the similar pole of the mag- 
netoscope will be everywhere repulsed and thrown up : and 
if we pass the instrument along the side of the iron, the 
opposite pole, that is to say, the south pole, will be every- 
where attracted. Hence (30) a north polarity pervades 
the iron T, and the south polarity or dissimilar element has 
been neutralised by the opposite element or power of the 
magnetic pole. 

Exp, 19. Let the iron T be now separated from the 
tnagnet M by a given distance P s, as shown in the annexed 

Fig. 26. figure 26 ; then, on 

M. A.J /" ^ t. " 7 t applying the mag. 
r====±=r^ ^ fci: 5;:i^ netoscope t to the 

surface as before, 
it will be found that one of its poles will be repulsed by the 
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extremity s, and attracted by the distant extremity t : and 
if we apply a ring of soft iron r to the extremiiy t, it will 
be held up solely by the influence of the magnet operating 
through the iron r, at a distance. Let, for example, the 
opposed pole p be a north pole, then the near end s of the 
iron will be a south pole, and will repulse the south pole of 
the magnetoscope, which will be thrown up. On applying 
the instrument to the distant extremity t, the reverse of 
this will occur ; that extremity wOl be found to be a north 
pole, and will repulse the north pole of the magnetoscope, 
BO that the north pole f of the magnet will vanish as it were 
on the iron, and re-appear at its distant extremity ; and the 
iron vnll, under the influence of the magnetic pole p, become 
itself a temporary magnet, having its two poles and mean 
line, as ia any other magnet of a permanent kind. A 
similar result will be arrived at in passing the magnetoscopo 
along the side of the iron, as in the last experiment. 

34. It is, however, to be observed, that the position of 
the mean line will vary with the distance of the iron from 
the magnetic pole, and will approach the centre of the iron 
as we increase its distance from the pole, and conversely 
will approach the near extremity as we decrease its dis- 
tance irom the san^e pole ; so that on making contact with 
the magnet the mean line vanishes, and the whole mass 
exhibits the same polarity as the pole of the magnet, re- 
solving itself into the case already illustrated, Exp. 18. 

Eit^. 20. Place the magnetoscope on the surface of the 
iron, as in the last experiment, fig. 26, and having applied 
the iron at a given distance from the magnet, sHde the in- 
strument gradually, either towards or from the near end s 
of the iron, until a point be found in which the needle ceases 
to be repelled by the polarity of that extremity: if the dis- 
tance between the iron t and the magnetic pole p be small, 
that point will not be far from the near extremify s. Let 
the distance p s between the magnet and the iron be now 
increased, the neutral point will be found to have receded 
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from the exiaremity s, and to liave approached the cent 
of the iron. 

If the distance between the iron and the magnet be snffi.— 
ciently great, and we allow the magnetoscope to project ovexr 
the near end s, a second nentral point will be found in tlio 
Rpace between the iron and the magnetic pole, on whiclx 
neither pole of the needle will be repelled. 

35. We may perceive by these experiments, that the in- 
fluence of the pole p has been such as to separate the two 
magnetic elements resident in the iron, attracting and 
rendering sensible, in points toward the near extremity s, 
the element opposite to that of the pole p, and repulsing 
and rendering sensible the similar element in points 
more remote and extending to the distant extremity t. 
The iron has thus become, under the influence of p, a tem- 
porary magnet. If therefore we neutralise the polarity 
of p, by presenting to it the opposite pole of an e^qual and 
similar bar, this induced magnetic state of the iron t will 
immediately vanish. 

Exjp, 21. Suspend, as shown in the last experiment, ^g. 26, 
one or more rings of steel or soft iron, at the extremity of the 

iron T, and then bring the 
Fig. 27. opposite pole s of an equal 

and similar bar m', ^g, 27, 
gradually over the pole p of 
the inducing magnet M ; the 
ring r will be then observed 
to fall away from the iron 
T, by the neutralisation of 
the opppsite forces resident 
in the poles P s of the two 
magnets m m' ; and these 
actions will all take place at a distance, without any near 
contact of the respective masses. 

It is desirable in these experiments that the iron should 
bo very soft, and b© in no sensibly degree magnetic : it 
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should be of the same breadth and depth as the magnet, 
and may be about one-fourth of the length. Bars about 
2 feet long, 1^ inch wide, and |ths of an inch thick, are 
well adapted to these investigations ; they may howeyer be 
successfully pursued with much smaller bars. 

36. The two magnetic forces being thus separable by 
indactioii, Exp. 19 (33), and made to appear, as it were, 
in dififerent parts of a mass of iron, it might be inferred, 
that if we could remove the distant extremity of the iron T, 
fig. 26, whilst under the influence of the magnet H, we 
should thereby obtain one of the elements in an insu- 
lated state, much in the same way as we obtain the 
positive or negative force in electricity, under similar 
circumstances.* Such, however, is not the case : on the 
removal of a distant portion of the iron, all traces of pola- 
rity vanish. 

Uxp. 22. Let the iron T, fig. 28, be constructed in two 
parts m w, closely ground 
together,thepart7ibeing Fig. 28. 

about 2 inches long, and ^ jf_ 

tn 3 inches long. Place ^ - j ^ jT"^ ^^ 

this compound mass ^^ '^ 

under the influence of 

the magnet m, as in Exp. 19, so that the extremity n may 
become attractive of a ring of soft steel, and repulse or 
attract one pole of the magnetoscope (30) : fix the iron x 
and magnet m, and then withdraw the distant portion n. 
The extremity n will no longer repulse one of the poles of 
the magnetoscope, but will operate equally on both, showuig 
I that its polarity has vanished ; neither will it exhibit any 

attractive power on soft iron or steel : the induced force 
has hence disappeared. 

We may conclude from this experiment, that either both 

the elements were always present, and had now recombined, 

I or otherwise that ^the opposite element had been derived 

♦ * Rudimentaiy Electricity* (1869), Exp. 14, page 17. 

c 8 
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from surrotindmg matter — a supposition scarcely tenable 
in the present state of onr knowledge of magnetic pheno- 
mena. Whatever be the nature of the agency npon which, 
these curious facts depend, there is erery ground for sup- 
posing that the two elementary forces (14) never leave the 
particles of matter with which they are associated. Thus, 
in the communication of magnetism by the lodestone to 
hardened steel (16), and from one piece of steel to another 
without limit (16), neither the lodestone nor the artificial 
magnet loses any of its inherent power ; nothing therefore 
appears to be communicated ; the whole result is entirely a 
species of molecular excitation, or a calling into sensible 
activity certain forces already existing in the magnetic 
substance (33), and which, under ordinary circumstances, 
remain in a quiescent or neutral state. No means yet 
devised have ever insulated t-tese forces in such way as to 
enable us to obtain one of them only, independently of the 
other. We cannot, for example, produce a magnetic bar 
having a single pole ; for although we touch one extremity 
of the bar only with one pole of the lodestone (16), still 
two poles will appear in the bar, although the one induced 
by the presence of the other may not be so forcible. 

Exj^, 23. Magnetise regularly a bar of very highly tem- 
pered steel, break it into two parts exactly in its mean line 
(26) or magnetic centre, on one side of which we have one 
kind of polarily, and on the opposite side the reverse 
polariiy (26). Examine the fractured ends of each piece 
by the magnetoscope : two poles will be found to exist in 
the line of fracture, that is to say, in the points which 
before appeared neutral. If we again break the two parts 
each into two other parts, the same result ensues, and so 
on without limit. The only exception will be, that the 
magnetic centre and mean line (26) may not fall at the 
centre of the fractured parts* Such experiments are easily 
made with bars very highly tempered (87). It appears, 
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iherefore. that in every instance of magnetic excitation the 
two forces are present^ and are both developed together. 



ItEACTlY^ FORCE OF IRON AND MAQNETS ON EACH OTHER. 

87. The influence of a magnetic pole in inducing in a 
mass of iron a temporary magnetic state, Exp. 19 (33)| 
being such as to cause an opposite or dissimilar polarity to 
appear at the proximate parts of the iron, and the same 
kind of polarity in the more remote or distant parts, we 
should expect to find a given amount of neutralisation of 
the magnetic pole or reactive force apparent, much in the 
same way as if a second permanent and opposite magnetic 
pole were opposed to the pole of the inducing magnet (35)^ 
Exp. 21, and such is observed to be the case. 

Exp, 24. Run a fine needle d e, fig. 29, transversely and 
perpendicularly through the centre of the opposite angle of 
a light beam of clean grained deal A B, about 14 inches in 
length, and one-fourth of an inch square, so as to give the 
beam a delicate axis of support. Mount this beam on two 
small cheeks of glass d e» 
supported in any conve- ^' 

nient way. Suspend a 
small cylinder of iron n 
from one of the arms b, by 
a light silk thread, and 
counterpoise it by weights 
placed in a small scalepan 
m, suspended in a similar 
way from the opposite arm 
A : the iron cylinder may be about 1-J inch long and one- 
fifth of an inch in diameter: it should be carefully con- 
structed of very soft iron. Attached to the centre of the 
beam under the axis is a light index of reed c A, moveable 
over a graduated arc h. 
The.beam being accurately poised, and the index ch^i 
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zero of the arc, place one of the poles of a powerfiilly mag- 
netic bar M at such a distance beneath the suspended iron 
n as will incline the beam a b without oversetting the 
balance, and bring the index into the position of the dotted 
line, that is, to a certain division of the arc. The beam 
being thus incUned, oppose to the pole p a mass of sofb 
iron T, of equal breadth and thickness to the magnet H. 
The beam will immediately tend to right itself, and the 
index will again decline, showing the neutralising or 
reactive influence of the iron on the pole of the magnet m. 

38. It will be convenient, in experiments of this kind, to 
place the iron and magnet on a graduated scale resting on 
a small table, the elevation of which may be varied, so as 
to measure the distance between the extremities of the 
magnet and iron, and at the same time, by means of a ver- 
tical graduated scale, note the distance between the magnet 
and suspended iron n, (See * Philosophical Transactions ' 
for 1831, p. 501, Plate XIV.) See also fig. 77 (123). 

Exp, 25. This reactive force of the iron t on the magnet 
M will be also apparent in placing the iron immediately 
under the magnetic pole, as at p, fig. 29, but it will not be 
so sensibly indicated as in the last case : it will be also 
evident in placing the iron over the magnetic pole, imme- 
diately between the magnet and suspended iron, in which 
case, by operating more directly on the nearest points, it is 
powerfully apparent. The iron has been said, in this case^ 
to screen off or intercept the magnetism of the bar m — a 
result commonly attributed to a sort of insulating power or 
magnetic opacity in the iron, but which evidently arises 
solely from the annihilation of the attractive force to a 
greater or less extent (85) ; the same result being obtained 
when the iron is placed either beneath or at the extremity 
of the bar. We have merely to observe in this last case, 
that the iron must not be so near the suspended cylinder, 
nor the magnet so near the iron, as would affect the balancci 
by induction upon the intervening mass (38), 
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39. The distance within the magnet at which the neu- 
tralising effect of the iron is sensible when placed next its 
extremity, as in Exp. 21 (37), has no limit, bat is felt in 
every point np to the central parts of the bar in which the 
least degree of force can be detected. 

JEJa^, 26. This may be easily observed by bringing given 
points of the bar xmder the suspended cylinders, and op- 
posing a mass of iron to the magnetic pole at a given dis- 
tance. The amount of neutralisation depends, as may be 
conceived, on the force induced in the iron, and on its 
distance &om the magnet. Large masses of iron up to a 
certain limit, and varying with the degree of force in the 
magnetic bar, have a greater neutralising influence than 
smaller masses, and it appears to be of no moment to the 
experiment whether the iron be opposed to the magnet in 
the direction of its length, as in fig. 29, or be placed trans- 
versely to the pole. 

Exp. 27.— Repeat the preceding experiment with bars of 
different degrees of power, and masses of iron varying in 
dimensions ; the respective neutralising effects wiU be easily 
determined. 



88 



UUDIHBKTAST MAQKETISH. 



CHAPTER m. 

THE ELECTBO-MAQNET, 

Reciprocal Action of common Magnetism and a Voltaic Current—Elec- 
tro-magnetic Forces — Magnetic Deflections and Kotations — ^Electro- 
magnetic Multiplier— Steel magnetised by Electrical Currents— 
Electro-magnets and the Laws of the Deyelopment of Magnetism bjr 
Voltaic Electricity. 

40. The next series of phenomena claiming attention 
arises out of a property peculiar to natural and artificial 
magnets, by wMcli they tend, when freely suspended, to 
arrange themselves in a certain relative position to a wire 
carrying a current of voltaic electricity. These phenomena 
have been hence termed electro-magnetic, and although of 
sufficient moment and extent to come under a separate and 
peculiar branch of physical science, yet eo far demand a 
brief notice here, as constituting a very important property 
of the natural and artificial magnet. 

With a view to a clear conception of these reciprocal 
magnetic and voltaic actions, it is requisite to understand 

that two plates of zinc and 
copper z c, fig. 30, placed near 
each other in a vessel of dilute 
acid, and connected by a me- 
tallic circuit c' s N »', turned or 
directed inany manner, giverise 
during the solution of the zinc 
in the acid to a peculiar electro- 
chemical action, by which a cur-, 
rent of electricity is supposed to flow from the zinc plate «?, 
in the direction of the small arrow, through the acid upon 
the copper plate c, an4 from thence through' the metallio 
circuit cd ^'&9^ z^ back agaiu upon the zinc plate «: a oom« 
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bination of this kind has been termed a yoltaic circle, and 
the metallio circuit c' S N »', the tiniting wire. 

B^. 28. This nnderstood, let s N be a perfectly straigbt 
portion of tbis circuit, which, as a standard of reference as 
to position, we will suppose to be in tbe direction of tbe mag- 
netic meridian (7). Let 2? ^ be a magnetic needle suspended 
by means of the arrangement, ^^, 14 (24), below and 
parallel to N s ; then, directly we complete the communica- 
tions N 2' »^s c' c with the zinc and copper plates z c, the 
needle p t varies from the meridian, and tends to place itself 
across the wire n s, and in such way that whicbever pole of 
tbe needle is next thexopper plate c, that pole moves to the 
rigbt band or towards the east. If therefore, as in fig. 30, 
tbe current flow over the needle from c to « through the 
wire B n from south to north, and the observer be looking 
over the wire in the same direction — ^then the south pole ^, 
next the copper plate c, turns to bis right hand or to the 
eastj and the north pole jp, to his left hand or west. If we 
suppose the position of the plates c and is to be changed, and 
the direction of the current reversed, by connecting the ex- 
tremity N with c, and the extremity s with 2, so as to cause 
the current to flow from north to south, then these deflec- 
tions are also reversed. Tbe south pole t now goes to the 
left hand, and the north pole p to the right hand — that is 
to say, the north polep, being now next the copper plate, 
goes to the right hand. 

Exp, 29. Place the needle above and parallel to the wire 
8 N, then the reverse of all the former deflections will be 
obtained; whichever pole of the needle id now next the 
copper plate, that pole moves to the left hand or west. 
When the current, therefore, flows from south to north, the 
south pole if which before went to the right hand or east, 
now goes to the left hand or west, whilst the north pole 
turns to the right hand : if we reverse the current, and cause 
it to flow from north to south, as in the last experiment, 
then these deflections are again rdversed ; tbe north pole 
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of the needle, being now nexfc the copper plate of the bat- 
tery, goes to the left hand. 

41. The following Table I. comprises, under a perspicuons 
form, these several deflections, together with the relatiTe 
positions of the needle and direction of the current : 

Table I. 



Wii-e over the Needle 


Wire under the Needle 


Direction of 
current 


Deflections 


Direction of 
current 


Deflections 


(a) South to/ 
North \ 

(6) North to/ 
South \ 


N. Pole to the left. 
S. Pole to the right. 

N. Pole to the right. 
S. Pole to the left. 


(c) South to/ 
North \ 

(<?) North to f 
South t 


N. Pole to the right 
S. Pole to the left. 

N. Pole to the left. 
S. Pole to the right 



42. That these deflections arise from a distinct and inde- 
pendent action of the current on each pole of the needle at 
the same instant, is evident from the following experiment : 

Exp, 30. Let pen and rd d p\ fig. 31, be two light mag- 
netic bars, bent so as to place one half the bar |) c at right 
angles to the other half n c ; balance these magnets -on fine 



Pig. 31. 
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centres cc^y immediately under 
a wire c », to be connected with 
the zinc and copper plates of 
the voltaic circle : take czm 
the direction of the magnetic 
meridian as before, and sup- 
pose the poles p rJ of the 
magnets in the same straight line pco' n'. We may, in this 
arrangement, take the distant vertical poles n p* of these 
bars to be without the limit of the influence of any current 
passing through c z : connect the wire « c at points « c, with 
the zinc and copper plates of the voltaic circle, fig. 30; 
both the magnets will be moved, and in opposite directions, 
as, specified in the above Table. 

It may be seen, by reference to this Table, that the same 
deflections are produced by a current flowing over the needle 
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from soatli to north (a) as by a current flowing tinder the 
needle &om north to sonth (d) ; and, reciprocally, a current 
flowing nnder the needle firom south to north (c) produces 
the same deflections as in flowing over the needle from north 
to south (h). Hence, if in the last experiment^ fig. 81, one 
of the bars, p' d n\ be raised above and parallel to the wire 
c Zy whilst the other, f on^ remains beneath it, then, on 
transmitting a current through the wire, both the bars 
move to the same side, that is, are deflected in the same 
direction. It is not requisite, in these experiments, to place 
the bars or needle immediately over or under the wire s K; 
it is sufficient that the needle be near and parallel to the 
wire, either above or below it. 

48. K the needle be inmiediately in the plane of the 
uniting wire on either side of it, no motion is obtained in 
that plane ; but if it be suspended in a vertical plane, on a 
horizontal axis, by means of the apparatus described, ^^. 14 
(24), so as to admit of a deflection of inclination, then it 
tends to place itself across the wire as before. If the needle 
be on the east side of the uniting wire, that is, on the right 
hand, taking the current and direction as at first, then the 
south pole next the copper side of the battery dips below 
the horizontal plane, and the north pole next the zinc plate 
rises. If the current be reversed, the deflections are also 
reversed. If the needle be placed on the left hand or west 
side of the uniting wire, then the south pole next the copper 
plate rises, and the opposite north pole dips : by reversing the 
direction of the current, these deflections are again reversed. 
Hxp, 81. Let the horizontal bar a, &, fig. 14 (24), be 
placed at one side and parallel to the wire 8 N, fig. 80, as 
indicated in the annexed 
fig. 82, in which s N is 
the uniting wire placed 

in the meridian s N, and *V ^"^ ' ^NT^ 

p t the bar balanced on j' \^, 

the horizontal pivot^ fig. 
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14 : complete tlie connections with the voltaic plates, 
Bg. 30, the extremity s being connected with the copper 
plate c, and the extremity n with the zinc plate z ; then the 
pole t, nearest the copper plate c, dips below the wire N s if 
the bar be on the east side of the wire, and rises above it 
if on the west side. 

44. It is apparent, from the successive directions of the 
bar as it becomes placed above, at the sides, or below the 
wire s N, that the force affecting the magnet is a force 
transverse to the pole of the bar, by which, if the bar had 
complete freedom of motion in every direction, the poles 
would actually turn round the wire, but in different direc- 
tions; and, conversely, supposing the bar fixed and the 
wire s N carrying the current free to move, then those 
parts of the wire parallel to the magnet would rotate about 
the magnetic poles in opposite directions, in a similar way. 
If both are supposed free to move in any direction, then 
the wire and magnet would turn round each other ; and 
such is really found to happen, giving rise to a very beau- 
tiPal and most important series of electro-magnetic actions. 

Ea^, 82. Let a magnetic bar m m', fig. 38, be bent so as 



Fig. 83. 
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to produce a short oblique portion at 
the middle of the bar, with two verti- 
cal arms m m' ; poise it on a fine central 
point c, and let a wire n s be placed 
near and parallel to one of the arms, m. 
Then, supposing a descending current 
to flow from the copper plate c, ^g. 30 
(40), through the wire in the direction 
N s upon the zinc plate z, the magnet 
M revolves about the wire N s, upon 
the central point c ; and if the north 
pole of the bar be uppermost, the mo- 
tion will be direct, or from the left hand to the right, 

EgBp, 38. Conversely, if the magnet M be fixed as in the 
annexed Bg, 84^ and the wire ir s be moveable on a fine 
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centre o, then, on transmitting the cnrrent as before, 
throTigli the wire N s, it immediately Fig. 34. 

revolves about the pole p of the 
xna^et^ with a direct screw-motion, 
supposing the current to descend 
tlie wire, and the pole p to be a 
north pole. To enable these mo- 
tions to go on without disturbing 
the progress of the current and the 
connections with the voltaic plates, 
the moveable parts dip into small 
cups and cisterns containing mer- 
cury, and with which the plates of 
the voltaic circle, fig. 30, communi- 
cate, as indicated in the figures. 

45. The tangential or transverse force, by which a mag- 
netic pole is caused to revolve about a wire transmitting a 
current of voltaic electricity, is equally apparent when the 
magnetic bar itself becomes the conjunctive wire of the 
battery; so that an electrical current flowing over or 
through a magnetic bar j&om one of its poles to the equator, 
or from the equator to either of the poles, causes such a 
bar to revolve upon its axis, 
the requisite mechanical ar- 
rangements for motion being 
complete. 

Sxp, 34. Let a magnetic 
bar s p, fig. 35, be mounted 
vertically between two deli- 
cate centres : the bar may bo 
about 18 inches in length, 1 
inch wide, and J of an inch 
thick. Let an electrical cur- 
rent (40) be caused to flow 
from either of the poles p s to 
the equator d, or &om d to 



Fig. 35. 
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either of the poles p ; the bar will immediately revolve 
upon its axis p s, the direction of the motion being such 
that, supposing the bar to rest upon its north pole p, the 
centre d being in communication with the copper plate of 
the battery c, and either or both of the poles P s in commu- 
nication with the zinc plate z, electrical currents will flow 
from the equator d to the poles (40), and the bar will 
revolve from left to right, as in the motion of the hands of 
a watch, or a common right-handed screw. By reversing 
the communication with the voltaic plates, that is, placing 
the poles p s in connection with the copper plate, and 
the centre d with the zinc plate, the electrical current 
will flow from the poles to the equator d. In thi^ case, the 
direction of the motion will be the reverse of the former ; 
it will be from right to left, or backward, as it were. 

JE7ajp. 85. If the position of the magnet be changed, that 
is, if we place it to rest with its south pole below, then, 
the communication with the voltaic circle remaining as in 
the first instance, we also reverse the motion. If now the 
communications be changed as in the last instance, we again 
reverse, the motion, and obtain, as at first, a motion from 
left to right. 

To facilitate the passing of the electrical current over 
the magnet, the bar is supported between fine centres p 8 
by a light vertical column fixed on a firm base ; a small 
ring or cistern of mercury d, also supported from the ver- 
tical column, surrounds the equator of the bar : the bar 
turns within this, and it is connected with the mercury in 
turning by a small bent wire dipping into the cistern : the 
lower centre p turns upon an agate contained in a small 
cup at p, connected with the point z' : this cup contains a 
small globule of mercury, to keep up the metallic con- 
nection with the magnet : there is a similar globule in a 
small cavity at the upper end of the bar for the centre S : 
this upper centre is supported by a wire extending from the 
head of the pillar z z'. It is here evident that^ in connect- 
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ing the points C z or G z' with the plates of the voltaio 
circle (40), an electrical current will flow between these 
points through c (2 s z, or Q d^z'^ the direction depending 
on the respective connections with the zinc or copper plate 
of the circle (40). 

A recollection of the relative direction of the motions 
we have been describing will be facilitated by keeping in 
mind the following simple formula : a descending current 
moves a north pole to the right hand, er will give rise to a 
direct screw-motion : from this simple fact all other relative 
motions dre easily determined. 

46. The reciprocal action of a magnetic needle and 
uniting wire (4^), together with the series of deflections 
in given directions shown in Table I. (41), have led to the 
invention of a very important magnetical instrument, 
termed the Electro-magnetic Multiplier, or Galvanometer, 
by which extremely small magnetic and electro-magnetic 
forces may be detected and measured. 

ft will be apparent, by Inspection of Table I., as already 
observed (42), that a current flowing both above and below 
a needle in opposite directions, deflects the needle in the 
same direction: hence it 
follows that if a magnetic 
needle j? f, flg. 36, be sus- 
pended on a delicate centre 
c, within the bight of a 
returning wire z dc, and 
the extremities z c of the 

v/ire connected with the zinc and copper plates of the vol- 
taic circle by means of two iittle cups containing mercury, 
then a current will flow longitudinally round the needle, 
both above and below it, and in opposite directions ; that 
is to say, in the direction c d above the needle, and in the 
direction d z under it : the efiect of this will be to deflect 
the needle wih twice the power by which it would bo 
deflected with a single current only, as in fig. 30 (40). 



Fig. 36. 
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Fig. 37. 
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If we imagine the wire z d o to he several times tamed 
longitadinally about the needle, as in the annexed fig, 37, 
then the effect wonld be still further increased; it wouldi 

in fact, become multiplied in 
proportion to the number of 
turns of the wire, which would 
represent so many additional 
cuiTents. It is only requisite 
to cover the wire with silk 
thread or some other imperfect or non-oonducting matter, 
so as to avoid metallic communication between the coils, 
and oblige the current to traverse the whole length of the 
wire. This is the principle upon which the electro-magnetic 
multiplier rests, and the delicacy of the effect is such that 
the needle will become deflected by the immersion of two 
pieces of zinc and platinum wire less than ^th of an inch 
long and ^rtr^ ^^ ^^ ^^^ i^ diameter, in water slightly 
Pig. 88, acidulated. The annexed fig. 

88 represents this instrument 
under one of its most perfect 
and delicate forms. Two 
magnetic needles with their 
poles reversed to each other 
are fixed on a central rigid 
axis, so as to neutralise the 
directive power of the needles 
and render the system astatic 
(29), or nearly so, merely 
allowing a sufficient force to 
bring the whole into the 
meridian. This system is sus- 
pended by two parallel threads of unspun silk r n, one of 
the needles being within a rectangular coil of wire z d c, 
and the other needle immediately without it, and over the 
upper part of the coil. The wire » c is covered with silk 
thread, so that the coils may not have metallic communi- 




THE OALViNOUSTEB, 47 

cation, and the eziromities j} q are brought out near each 
other, and terminate in small cnps p q^ containing a little 
mercnry, for the better convenience of commnnicating a 
cnrrent to the coil from any given sonrce. The coils are 
separated a little near the centre, to allow the axis of the 
astatic system of the two needles to pass through them. 

The lightest cnrrent transmitted through the coil from 
|i to g, or 9 to jp, causes the needles to deviate from their 
constant position : both the needles, as is evident^ will be 
impelled in the same direction ; the lower needle being in 
the position just described, figs. 36 and 37, whilst the upper 
needle, its poles being reversed, is impelled in the same 
direction by the upper side of the coil (41). 

The threads of the double or bifilar suspension rn, in, 
tending to cross each other as the needles turn, give rise to 
a reactive force which may be set against the deflective 
force employed to measure it: for this purpose a graduated 
eircle 8 sia fixed under or round the upper needle, so that 
tbe angle of deflection may be accurately estimated.* If 
the earth's directive force be completely neutralised by the 
reversed positions of the needles, then this would be the 
only force opposed to the deflective force : if not, then it 
becomes mixed with the little directive power left in the 
system, but which is generally so small as not to be of 
much moment. 

The instrument is set upon a convenient stand, and may 
be enclosed within a glass shade; the bifilar suspension 
being sustained within a tube of glass. 

Various forms of the electro-magnetic multiplier have 
been devised : several have a single needle only, as in the 
arrangement, fig. 87, which for all ordinary purposes 
answers extremely well, and is in some particular instances 
to be preferred. 

47. The simple voltaic circle, described fig. 30 (40), has 
been hitherto the only kind of combination referred to, on 

» Phil. Trans, for 1836, Part II. page 417. 
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accoimt of its siniplicity; it may, however, be proper to 
otserve that we posaess better and more certain forms of 
this Talnable instnimenfc of research. The voltaic circle, 
iuvented by Mr. Bmee, and termed Smee's bEittery, is well 
adapted, aJid certainly the m.oat convenient, for ordinary 
purposes. In this 'arrangement a silver plate c, fig. 39, 
Fig. se. coated with platinum, and termed plati- 

nised silver, is substituted for the copper 
plate in the original circle (40) ; this is 
enclosed between a donble zino plate, or 
between two zinc plates z z, held firmly 
Bgtunst a centre block of wood at the 
upper edges of the plates by a clamp and 
binding-Borew, so that they have metallic 
commnuication, and act together as a 
single platd. The platinised silver plate 
is prevented iirom touching the zinc in any paxt by inter- 
mediate non-Gondncting matter. The current in this 
arrangeQieiit flows as before ; that is to say, the platinised 
silver plate has (he some relation to the sdnc plate in this 
circle as the copper plate in the original circle, fig. 30 (40) ; 
the difference is merely in the substance, arrangement, and 
position. 

We are indebted to Jir. Qrove for the most powerful 
voltaic combination as yet produced : the metals employed 
are platinum foil and ziuo, coated with mercury: the 
exciting liquids are concentrated nitrio and dilute snlphurio 
acid. 

It may be as well to observe that the experiments hitherto 
described have reference to a single combination only ; that 
is to say, a single voltaio circle with two plates, or acting 
as two plates only, and not to a series of snch plates in 
cells, as in the ordinary compound batteries : in these the 
course of the current through the wires is not the same as 
in a battery with a single pair. 



6TEEL HAQNETIZSD BT ELEGTBICITT. 49 



STEEL MAGNETIZED BT THE ELECTBICAL CUBBENT. 

48. One of the many important results of these dis* 
coveries is the means of imparting a high degree of 
magnetism to iron and steel, and to so great an extent as 
to give a soft iron rod a lifting power of more than a ton. 

We have seen (40) that the electrical and magnetic forces 
are so related that the one is exerted at right angles to the 
other ; thus (Exp. 28) a magnetic needle tends to stand 
directly across the conjunction wire. We derive from this 
elementary principle a means of disturbing the latent 
magnetic forces resident in magnetic substances, by which 
these forces become separated, and the body rendered 
magnetic, precisely in the same way as effected by the 
oontact of an ordinary magnet (20). 

Exp. 36. Place a perfectly neutral bar of hard steel p f, 
fig. 40, across a metallic wire c z, 
uniting the plates of a simple vol- z • ' 

taic circle (47), and as a standard 
of reference as to direction and 

position, let the uniting wire c z he ^ 

in the line of the magnetic meridian, 
e being its south, and z its north 
extremity. Under these conditions, 
draw the bar p t forward and back ^ 

several times across the wire c 2, from end to end, finally 
stopping in the centre q: on removal, the bar will be found 
to have acquired a strong polarity. If the current be 
passing from c to «, that is, from south to north, the wire 
being in this case under the bar, then the east or right- 
hand extremity p will have become a north pole, and the 
left-hand or west extremity t a south pole, which is precisely 
what would happen fix)m the experimental facts already 
given (41), and from which it must also follow, that by 
reversing the direction of the current on placing the bar 

D 
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under the needle, the resulting polarities would be also 
reversed. 

Uxp. 37. Place the bar tjp under the wire c ss, all other 
things being the same, and repeat the process of magnet* 
izing as in the last experiment; on removal, the west 
or left-hand extremity will have become a north pole, and 
the east or right-hand extremity a south pole. By reversing 
the current in either of these cases, Experunents 36 and 87, 
so as to cause it to flow in the direction of z c, or from 
north to south, we again reverse the polarities of each, and 
may hence obtain the same polarities whether the bar p t 
be placed over or under the wire c z ; that is to say, a 
current flowing from cto z under the bar will give rise to 
the same polarities as in flowing £rom zto o over the bar. 

49. As it is important to remember these relative direc* 
tions and polarities, it nmy be as well to reduce them to a 
simple tabular form. 

TABLE II. — Bhowmg the relative Polarities induced m a 
Bar of Steel hy the influence of am, Electrical Current^ the 
Bar being at Bight Angles to the wire^ fig, 4iO. 



Cnnent and Connecting Wiie over the Bar 



Direction of the cnixent 



u f (a) South to 
-g § I North 

S'M (i) North to 
I L South 



Belattve position ol the N. and S. Poles 



{Positive Pole determined to the left 
Negative Pole determined to the right 

r Positive Pole determined to the right 
\ Negative Pole determined to the left 



Gasel. 



Cnnent and Connecting Wire under the Bar 




(o) South to 
North 

{d) North to 
South 



r Positive Pole determined to the right ^ 
\ Negative Pole determined to the left 



{Positive Pole determined to the left 
Negative Pole determined to the right J 






Case 2. 



We see here that similar polarities may be obtained with 
the bar either above or below the uniting wire, provided the 
currents be reversed as in Experiments (a) and (ci), and that 
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in both cases the restilts are virtaally the same as already 
arrived at by means of the magnetic needle (41), Table I. 

50. If we suppose a steel bar n s, fig. 4sl, crossed by 
several yrires ah cd^ some above and some beneath the 
bar, and currents passing through the wires over the bar, 
all in the same direction c z, and through those under the 
bar, all in the reverse direction, cf s/, — such currents would 
all conspire to determine the north polar element in one 
direction, and the south 
polar element in the op- ^^* • 

poaite direction (41), Ta- 
ble I., and the bar would 
be at once rendered mag- 
netic. If the wires were 
sufficiently numerous to 
cross the bar on each point 
ab cdf &c., from end to 
end, every point would be 
acted 00, and the resulting 
magnetic state become thereby powerfully developed. 

Exp. 38. Let a long piece of copper wire be wound round 
a piece of glass tube of about ^ an inch or less in diameter, 
and from 6 to 10 inches in length, so as to produce a helix 
or spiral, A B, fig. 42, and mount this spiral between two 
vertical supports as 

represented in the Fig. 42. 

figure. Place a per- ^ 

fectlyneutral piece of 
hard steel wire p w, 
of about -^th. of an 
iiich in diameter, or 
alarge sewing needle, 
within the heHx, and 
connect the extremities a b with the zinc and copper plates 
of the voltaic circle, fig. 39, the steel p n will become im.- 
mediately magnetic ; in fact, each turn of the spiral causes 

d2 
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Fig. 43. 



electrical currents to flow in reverse directions above and 
below the steel, as just described, fig. 41. If the coils of 
the spiral be numerous and close, they may be regarded as 
parallel circles standing at right angles to the direction of 
the enclosed wire, and with which the axis of the helix may 
be made to coincide. The eflfect of a helix of this kind on 
a fine magnetic needle placed within it, is so powerful, that 
with a strong voltaic current the needle is sometimes caught 
up and retained on the axis of the spiral, as if liberated from 
the trammels of gravity. 

51. The kind of polarity given to steel or iron thus cir- 
cumstanced will, as may be inferred (46), depend on the 
direction of the current with reference to the axis of the helix, 
and this again will depend on the connections with the plates 
of the voltaic circle and the direction in which the helix is 
turned. Now, the spiral may evidently be turned either 

direct, as in the threads of a com» 
mon cork-screw, forming what is 
termed a right-handed helix, as 
in the annexed figure 43, or they 
may be turned in the reverse 
direction, in which case we have 
a left-handed helix, as in the 
annexed figure 44. 

Exp, 39. If we suppose the helix to be a reverse or left- 
handed helix, as in the annexed figure 45, the current flow- 
Fig. 45. ^S from c to z, 

round a small 
cylindrical steel 
needle or wire 
p N, and the 
coil standing in 
the direction of the magnetic meridian c' %\ so that the 
current may flow under the wire in the direction d z\ from 
south to north, as indicated by the dotted linos, and over 
the needle in direction «/ c', from north to south, as indicated 




Fig. 44. 
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by {he fall lines, then any one of the coils d ^ under the 
wire would fulfil the conditions of Experiment 36, and 
with the wire itself be faithfully represented in fig. 38. In 
this case, as may be seen by Table IE. (49), case 2 (c), and 
case 1 (&), the positive pole p will be determined to the 
right hand, and the extremity p, of the wire next the copper 
plate c, will be a north pole : by similar reasons the opposite 
extremity n will be a south pole^ and next the adno plate of 
the battery. 

ISoffp, 40. If we take a direct or right-handed helix and 
an enclosed wire p n, as in the annexed figure 46, and 
transmit the cur- 
rent as before from ^^' * 
c to s;, then the re- 
verse of all this oc- 
curs ; the currents 
fiow mider the wire 
from north to south 
in direction »' c', 

and over the wire from south to north in direction d «'. 
Under these conditions by Table 11. (49), case 2 ((2), and 
case 1 (a), the positive pole p is determined to the left 
hand, so that the extremity p of the steel cylinder p n 
next the zinc plate becomes a north pole, and, by similar 
reasoning, the opposite extremity next the copper plate c, 
a south pole. Supposing the current to be reversed and 
iio pass through a ^rect helix from left to right, as from 
c to tiy fig. 42, the copper plate of the battery being to the 
left hand, and which is the ordinary form of the experiment, 
the north pole will be always determined next the zinc plate, 
that is, to the right hand. 

62. It will be useful to the student to remember as a 
general fact, that supposing, fig. 42, the observer to bo 
feeing the north, K, and the helix a b placed transversely 
before him so that its axis may lie east and west, then if 
the current be descmding the coils of the spiral directly 
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before Um, the nortli pole is determined to the right hand, 
and the south polo to the left. !Reciprocally, if the current 
bo asceftiding the coils of the spiral directly before him, then 
the south pole is determined to his right hand, and the 
north pole to the lefb. Hence, with a direct heHz, the north 
pole will be always found next the zinc plate, and with a 
left helix next the copper plate, as may be easily seen by 
inspecting figs. 43 and 44, the direction of the currents 
being either from left to right, or right to left. 

53. The magnetic power developed in soft iron* closely 
surrounded by heliacal coils transmitting electrical currents 
all in the same direction is so great, that a curved iron rod, 
during the action of the battery, may be caused to sustain 
an enormous weight. The usual form of the experiment is 
as follows. 
Exj^, 41, A cylindrical bolt of soft iron p t n, f^g, 47, 

about an inch or more in dia- 
meter, and &om 30 to 40 inches 
long, is bent into the horse-shoe 
form, as indicated in the figure. 
It is then surrounded by several 
long coils of copper wire 2; t c, 
covered with silk or other in- 
sulating thread, so as to inter- 
rupt all metallic communication 
or coil with the other ; one set 
of coils is superposed on an* 
other, and all the ends of the 
wires p N on each side united 
into common terminations z c, 
tobeconnectedwith the Grove's 
battery (47). 

If when the currents are passing through the coils we 
apply a soft iron keeper (10) p k, and cross the projecting 
poles, it will be held fast with an enormous force, so that 
Bovoral hundred weight, w, may be suspended without 
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breaking ilie contact. Electro-magnets of this kind have 
been made snfficientlj powerfal to snpport many tons. 

[The laws which govern the forces of electro^magnets 
have been investigated by Lenz, Jacobi, and Miiller. 

Let M denote the magnetic force of the electro-magnet. 

n the nnmber of convolutions of wire ; 

d the diameter of the wire ; 

Q the quantity of electricity in circulation ; and 

c a constant multiplier; then 

M=cn Qv^ 

This law only holds good for bars of iron whose length is 
considerably greater than their diameter, for feeble cur- 
rents of electricity; and under the supposition that the 
number of convolutions of wire is not so great as materially 
to diminish the influence exerted by the outer coils upon 
the bar of iron. 

These conditions are fulfilled in the electro-magnet used 
for telegraphic purposes. 

It will be noticed in the above formula that M increases 
directly as Q and as n^ but Q decreases as n decreases, sup- 
posing the eleetric force to remain constant. Hence it is 
evident that a certain proportion between the resistance of 
the wire and that of the remaining portions of the circuit 
must be preserved, to obtain the maximum magnetic 
force. This relation is found to be the following : — 

* When the resistance of the coils of the electro-magnet 
is equal to the resistance of the rest of the circuit, i.e. the 
conducting we and battery, the magnetic force is a 
maximum.* 

The experiments of Pfaff gave him the followiug results 
(Peschel) : — 

1. The amount of suspensive force is immediately de- 
pendent on the intensity of the electric current which cir- 
culates about the iron ; and the intensity of the magnetism 
excited in the soft iron is exactly proportional to that of 
the electric current. 
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2. The intensity of the current continning the same, the 
magnet's suspensive power increases with the number of 
turns made by the wire, or, the total effect of all the coils is 
equal to the sum of their effects if taken singly. 

3. The attractive force of an electro-magnet increases as 
the mass of the iron composing it^ and this increase is 
proportional to the diameter of the iron cylinder, their 
lengths being equal. 

4. The purer and softer the iron and the more homo- 
geneous the mass, the stronger the magnetism it is capable 
of receiving. 

6. The form of the iron influences its suspensive power. 
Cylinders carry greater weights than rectangular bars ; and 
a hollow cylinder from which a portion has been cut away, 
so as to form a long horse-shoe magnet when viewed in the 
direction of its axis, but a very short one if taken as to its 
height, is capable of receiving a very great suspensive force; 
and lastly, a slight curvature of the polar surface adds con- 
siderably to its power. 

At the moments of magnetization and demagnetization of 
iron bars, peculiar sounds are produced. These are best 
observed by resting the end of a long iron bar surrounded 
with a coil of covered copper wire on a sounding-board ; it 
thus becomes a musical note, which may be heard distinctly 
over a large room. 

By suspending an iron bar so that it could vibrate freely, 
and circulating the voltaic current by a wire so arranged 
as not to touch the bar, and breaking and renewing. battery 
contact rapidly, Beatson elicited sounds as loud and dis- 
tinct as those from a small bell. He ascertained that at 
the moment the sound is produced the metal undergoes a 
sudden expansion, and that on interrupting the current a 
sudden contraction takes place, the expansion and contrac- 
tion being independent of that produced by the heating 
power of the current. 

The effects are evidently caused by a molecular disturb* 



ance of tlie particles of the metal by the magnetic inducing 
influence of the current. This is well shown by an experi- 
ment arranged by Grove, in which a glass tube, open at 
both ends, but protected along its length with a copper 
jacket, is filled with water, in which is suspended powdered 
magnetic oxide of iron. On looking through the tube at 
distant objects, a considerable portion of the light is inter- 
• rupted by the heterogeneous arrangement of the particles 
of oxide ; but on passing a current through a coil wound 
round the tube, these particles assume a symmetrical 
character, and much more light is transmitted. Tyndall 
refers the lengthening of an iron bar at the moment of 
magnetization to the effort and partial success of the 
granules of which the bar is composed to set their longest 
dimensions parallel to the axis of the bar, in the same 
manner as iron filings, which are virtually so many little 
rods of iron, when shaken over a paper screen placed over 
a large flat magnet, set their longest dimensions in the 
direction of the magnetic curve.] 
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CHAPTER IV. 

MAGNETO-ELECTRICITT, THERM0-MAGNETI8M, AND DIA-MAGNETISM, 

Magnetism considered as a Universal Agency — ^Experiments of Coulomb 
and Becquerel — Arago's Besearcbes — Influence of Metallic and other 
Substances on the Magnetic Needle — ^Faraday's Researches— Magneto- 
Electricity — ^Thormo-Magnetism — Supposed Magnetism of Light- 
Faraday's Discovery of a new Magnetic Condition of Bodies — Dia- 
Magnetism — General Relation of Magnetic Agency to common Mattter. 

54. We have seen (32) that magnetic substances are said 
to attract, or are attracted by, either pole of the magnet. 
ITon-magnetic substances neither attract nor are attracted 
by the magnet. Magnetic substances are said to have 
polarity when they have directive force (7), in which case 
they attract one pole of a magnet and repel the other (30). 

Iron being, with rare exceptions, the only substance in 
which magnetic properties are powerfully apparent, almost 
every kind of matter was for a long time considered as non- 
magnetic; and hence arose an arbitrary classification, 
assembling the few substances susceptible, together with 
iron, of being attracted by the magnet, under the head of 
magnetic bodies, other substances being classified as non« 
magnetic bodies. It has, however, been made a matter of 
some question how far all bodies are not to be considered as 
magnetic bodies, a conclusion which has received very con- 
siderable support by the many brilliant discoveries of 
modem times in this department of science. 

Iron is undoubtedly, of all substances, the most universal 
and powerful as a magnetic body ; and when we consider 
its great dispersion and admixture in a greater or less degree 
with other substances, there are certainly some grounds for 
inferring that the attraction of many bodies for the magnet 
may depend on the small quantity of iron they contain: the 
many experiments, however, made on a large class of bodies 
essentially differing in their composition, and in several of 
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wliicli the presence of iron could not be well imagined, 
necessarily led to tlie condnsion that some other bodies 
at least, besides iron, most be considered as magnetic 
snbstances. 

The metal next to iron, which appears to afford the most 
decided eyidence of pnre magnetic developmenti is nickel^ 
which not only attracts and is attracted by the magnet) but 
is forther capable of retaining a distinct polarity. M. Biot 
determined by a well-execnted experiment the comparative 
directiye power of a magnetic needle of pnre nickel, and a 
steel needle of exactly the same dimensions, and fonnd the 
directive force of the needle of nickel abont one-third that 
of the steel : these needles were 8 inches long, and -^ths of 
an inch wide, and weighed abont 5 grains. The nickel had 
been careftiUy pnrified by M. Thenard. 

Mr. Cavallo fonnd that hammered brass abo acquired by 
hammering a great amount of magnetic force, although 
every care was taken to free the brass from the presence of 
iron. This philosopher further found, that several metals 
were also attracted by the magnet. Ehodium, iridium, and 
antimony, when heated, also evinced this property. Many 
non.metallLC minerals and earths have been found attractive 
of the magnet, more especially after being exposed to the 
action of fire. 

55. We are indebted to Professor 
Wheatstone for a* delicate and very 
elegant means of observing such 
magnetic forces. 

Ex^. 42. If a fine short sewing 
needle, w, fig. 48, the eye end being 
broken off, rest upon its point j?, 
on the polar surface jp of a very 
powerful magnet M, it will gene- 
rally take a position inclined to the 
surface; but a locality may gene- 
rally be found, in which the needle will stand nearly vcr- 



Fig. 48. 
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tical ; tLls point may be ascertained by placing a piece of 
Tinglazed paper a c between the needle and point and the 
steel, and moving it about nntil the vertical position of the 
needle is obtained. If we elevate the paper and needle above 
the magnet to the greatest distance at which the needle will 
remain vertical, it becomes to the last degree sensitive of 
magnetic force, so that by bringing snch specimens of the 
metals we have named, as have the least magnetic power, or 
containing iron, near the upper extremity of the needle, the 
needle will be observed to incline and sway about as it were 
on its point under their influence. The magnetism of 
nickel, cobalt, rhodium, iridium, hammered brass, and other 
substances, easily becomes apparent in this way. 

56. About the year 1802, Coulomb endeavoured to deter- 
mine the question Df a * universal magnetism,' by delicately 
suspending fine needles of various substances between the 
poles of opposed compound magnets (19), and causing them 
to oscillate, first, beyond the influence of the magnetic poles, 
and then immediately between them : the result, as stated 
by Coulomb, was, that the time of the oscillations became 
sensibly decreased by the influence of the magnetic poles, 
and all the substances tried Anally settled in the direction 
of the poles. The annexed figure, 49, represents the form 

Fig. 49. of Coulomb's cele- 

6 brated experiment; in 

which p N are the poles of 
two powerful compound 

magnets (19), ^ « a 

jj. small needle of any given 

substance, about -f^ths 



^MHa 



of an inch long and -^th of an inch thick, suspended 
between the magnets by a silk fibre t c, attached to a small 
paper ring c, in which the needle jp s was allowed to rest : 
the needle jo s, and the poles P N, were covered by a glass 
receiver to shield the needle from the air; by raising the 
tod at t^ through the neck of the receiver, and to which the 
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BTLspension {bread t c, and needle jp «, was attached, it became 
easy to place the needle, when required, beyond the in- 
fluence of the magnetic poles. It appeared from these 
results, that all bodies either contained indefinitely small 
quantities of iron, or were otherwise susceptible of ordinary 
magnetic influence, or finally, that, as suggested byM. Biot, 
the phenomena depend on some force in nature not hitherto 
known. 

67. With a view of detecting the presence of extremely 
small portions of iron in various bodies. Coulomb resorted 
to the method of oscillation : haying determined the accele- 
rating force of a known mechanical admixture of iron with 
a given substance, he found that the action of the poles of 
the magnet was proportionate to the quantity of iron the 
admixture contained ; and that the presence of any quantity 
of iron, however small, might be thus determined. M. Hauy 
sought to render this method still more sensible, by deflect- 
ing a delicately suspended needle from the meridian by 
means of a magnetic bar brought within such a distance of 
the needle, and in the same right line, as would cause the 
needle to stand nearly perpendicular to the bar, that is, east 
and west. A needle thus circumstanced is so sensible of mag- 
netic force, that avery feeble magnetic action exerted on it by 
another body will cause it to turn on its centre of suspension. 
M. Hauy called this the process of ' double magnetism.^ 

Following out this process, Becquerel, finding that a needle 
of soft iron might be substitatpd for the magnetic needle 
employed by M. Hauy, proceeded to submit to experiment 
several oxides of iron, which he enclosed in a thin paper case, 
suspended in various positions at a given distance from the 
pole of a conmion magnetic bar ; and he found in certain in- 
stances, with an admixture of the second and third oxide of 
iron, that the paper case, instead of taking the line of the 
pole of the bar, as would be the result with a needle of soft 
iron, and with the magnet placed beyond it in the same given 
position, that the case stood at right angles to the line of 
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the poles ; from wliich he inferred that the line of magnet- 
ism was transverse to tho direction of the poles. On re- 
peating Conlomb's previous experiment, fig. 49 (56), with 
needles of white wood and gum lac suspended very near the 
magnets, but above the interval between the poles, he ob- 
tained a similar result ; the needles, instead of settling in 
the line of the poles as observed by Coulomb, stood trans* 
verse to that line. 

68. About the year 1829, M. Arago made very considerable 
advances in this interesting physical question, by one of 
those happy perceptions pecuUar to great philosophical 
minds. M. Arago thought of observing the oscillations of a 
magnetic needle (6), (21), when placed in the vicinity of 
various substances, so as to detect thereby any force which 
such substances might exert on it ; and he arrived at this 
remarkable fact— that the influence of substances generally 
on a vibrating magnetic bar was such as to bring the needle 
more or less rapidly to rest, by diminishing the amplitude 
of the oscillations without at all affecting the time in which 
an oscillation was performed. Metallic substances were 
foimd to have the greatest influence on the needle. They 
all brought the needle to rest more or less rapidly. 
Exp. 48. A small magnetic bar a h, flg. 50, suspended 

by a delicate silk fibre t c, within 
a ring of copper ach,ia reduced 
rapidly to rest on being allowed 
to vibrate freely across the meri- 
dian : e,g,B, small bar a &, about 
4^ inches long, -^ths of an inch 
wide, and -^^th thick, was sus- 
pended by a fine fibre within a 
copper ring, about J^th of an inch 
thick, and an inch deep ; the whole 
was covered by a glass receiver, 
and the air removed by an air- 
pump. The bar being drawn aside 45 degrees from the 
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meridiaii, was allowed to Tibrate^ and the mnnber of Tibr»- 
tiaiis taiken between 45 degrees and 10 degrees. The same 
foeiiig determined when the copper ring was lemoTed, it was 
fbiind, that in free space the bar p erfor med 420 oscillations 
before it reached an arc of 10 degrees ; whereas when sor- 
Toonded by the copper ring, witii the poles ybtj near the 
inner sor&ce, only 14 oscillations were perfonned before the 
bar oscillated in an arc of 10 degrees ; thereby showing the 
great influence of the metal. In a ring of wood, theoscilla- 
tions were reduced &om 420 to about 300.* This force of 
metallic bodies on the magnetic needle is so great^ that 
plates of copper and other metals made to revolTe rapidly in 
a horizontal plane, and immediately under a suspended 
magnetic bar, drag the needle round, and finally set it in 
rapid motion — a result which inyariably ensues with the 
bodies completely sheltered from currents of air, and placed 
under glass screens in the best yacuum which can be pro- 
duced by a common air-pump. There are seTeial methods 
of exhibiting this curious fact : a plate of copper or some 
other metal is set in rapid movement under a magnetic 
needle, or conversely a magnetic bar is rotated under me- 
tallic plates lightly sus- Fig. 61. 
pended. The rotationmay 
be produced and con- 
tinued either by a train of 
wheels and a descending 
weight, or otherwise by a 
powerftil initial impulse, 
as in the method of spin- 
ning a common humming- 
top. The following Ex- 
periments, taken from 
author's papers in the 
*Philosopliical Transac- 
tions ' for 1831, are perhaps as perfect as any yet obtained. 

* Harris, * Philosophical Transactions' for 1831, Fart I. 
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Exp, 44. A plate of copper a d, about 5 or 6 inclies in 
diameter and ^th of an incli in thickness, is soldered to 
a ring of lead a ud, about 1 inch deep turned true in a 
lathe, and delicately poised on a point c, resting on an 
agate centre ; a screen of flat glass at dis placed over the 
copper disc, and a magnetic bar m n poised on a fine centre 
is placed centrally on the screen : a silk line having been 
wound many times round the ring of lead w, previously to 
covering the disc, is attached to a train of wheels, and the 
line run rapidly off the circumference and; the whole is by 
this contrivance set into a smooth and very rapid motion of 
from 700 to 800 rotations in a minute, which will continue for 
a considerable time with a slow retardation : when the metal 
has been thus set in motion, and the bodies are effectually 
screened from each other in the way just stated, if the centre 
c be previously secured to the plate of an air-pump p P, we 
may cover the whole with a glass receiver pep, and with- 
draw the air ; in a short time the magnetic bar m n will be 
observed to spin round with immense rapidity. 
Exjp, 45. For exhibiting the rotation of a metallic plate 

by the influence 
i'jff. 62. of a magnet, we 

may employ a 
hardened and 
magnetised cir* 
cular steel plate 
mounted on a 
ring of lead, as 
in the former 
case, or a small 
set of magnetic 
bars a d, fig. 52, 
set and poised in 
a ring of lead u, 
and mounted on 
a centre c« as 




fiOTATOBT UAGKETISM. 65 

before : the plate of copper m n^ or other metal, is poised on 
a fine point, and placed immediately over this on a glass 
screen, rapid motion being imparted to the magnetic plate 
or magnet a (2, as before ; the copper plate above begins to 
rotate, and finally revolves rapidly with the magnet. 

69. When these novel effects were first obtained, they 
were snpposed to arise from the latent magnetism of matter 
generally, by which certain small temporary forces were in- 
duced m bodies in the common way of ordinary magnetic 
induction (33), and that hence we had additional evidence 
of a universal magnetism. Arago, however, before attempt- 
ing aoy explanation of the cause of the phenomena, sought 
with his usual penetration to resolve the force in operation 
into certain relative components, and he found amongst these 
a vertical repulsive force by which a long needle, suspended 
and poised over the revolving disc from the arm of a deli- 
cate balance, became thrown up: a second component con- 
sisted of a horizontal force by which the bar over the disc 
rotated ; and a third was observed to act in the direction of 
the radius of the disc, so that a dipping-needle or needles of 
inclination (29) became in certain points repulsed from the 
centre of the disc, in other points drawn toward it. Taking 
these phenomena into consideration, together with the total 
absence of all sensible attraction between the magnetic 
needle and the copper plate when at rest, Arago concluded 
that the force in operation was not an ordinary magnetic 
force, but arose out of some peculiar and unknown agency 
to be yet investigated : the important fact, that only the 
amplitude, not the time of the vibrations of the magnetic 
needle, is affected by the presence of a metallic or other 
substance, would go far in support of this opinion, since in 
every case in which an oscillating needle is exposed to the 
action of a magnetic substance, the time of its vibrations is 
changed. 

60. About the period of these researches, Faraday, con« 
Bidering that as magnetism could be derived from the in« 
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flaence of ordinary electrical currents, the con<rerse of tMs 
proposition should be also true, and that magnetism should 
be producible by voltaic currents, sought by the operation 
of powerful magnets on helices of wire (51) to develop cur- 
rents of electricity throughout the wire ; and he succeeded 
in obtaining such currents for a small portion of time suf- 
ficiently strong to affect the electro-magnetic multiplier (46), 
so strong as even to produce the ordinary electrical spark, 
and in the following way. 
Exp, 46. A cylinder of pasteboard t, ^g. 53, was 



Fig. 63. 




surrounded by several 
superposed helices of 
copper wire a &, about 
^^^th of an inch in 
diameter, and cut off 
from each other by silk 
orsomebad-conducting 
matter; all the extremi- 
ties were collected at 
each end, a and h, and 
connected with an electro-magnetic multiplier g ; a cylinder 
c c^ of very soft iron was placed within the pasteboard case 
T, that is, within the spirals a 6, and then the extremities c d 
of the cylinder were brought into contact with the opposite 
poles p T of two powerful magnetic bars, or an electro- 
horse-shoe magnet (53), A brief but decided electrical 
current rushed through the spirals, and the needle of the 
galvanometer became deflected in a given direction : here 
the action apparently ceased, but, on breaking the contact 
with the magnetic bars, an opposite rush of electricity was 
induced in the wire, and the needle became deflected in the 
reverse direction. This effect, but in a less degree, was 
found to ensue by contact with the helix only, without the 
iron cylinder : in this case, however, a very powerful com- 
pound magnetic battery is requisite. 
Exp, 4i7. When a piece of copper plate was wrapped 
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once round the iron cylinder c(^ with interposed paper to 
prevent metallic conmmnication, and the edges of the plate 
connected with two wirea passing to the electro-magDetic 
mnltiplier o, fig. 53; then, on nuking contact with the 
poles of 4^e magnetic hars, the needle was deflected aa 
before. 

61. This effect has been termed magneto- electrical in- 
dnction, and the current itself, magneto- electricity. The 
influence of the mt^net in this case is considered as ana- 
logons in its mode of action to that of a wire carrying on 
electrical current on a similar secondary or passive wire 
placed very near it, and in which momentary electrical 
currents, sensible to the mnltipher, are induced by the 
action of the primary wire, but in a reverse direction— an 
eOect which has been termed volta-electric indaction. 

62. The inductive inflnenoe of the common magnetic 
poles on an heliacal or convolnted wire, is also traceable in 
drawing a long slip or plate of metal through a small 
opening between them. Cnrrente in this case also are 
induced in the metal, which flow at right angles to the 
direction of the motion of the plate, an efiect which may 
be rendered extremely sensible in the following way. 

Exp. 48. Mount a oircolar copper disc, ab hd, fig. &i, 
about a foot 

in diameter, Fig. 64. 

and Jib of an 
inch thick, on 

in any conve- 
nient &ame, 
and place two 
power&l mag- 
netic poles f h i 
on each side 
of its inferior 
edge a. Let 
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a stont grooved wire a, bearing against the edge of the 
circumference of the disc, and immediately between the 
magnets, be connected with one of the cups of the coil of 
the multiplier c, and a similar wire h c, resting on the axis 
€ of the plate, be made to communicate with the other cup 
of the multiplier ; let the copper disc be now turned round 
between the poles of the magnets p n : immediately this is 
done, the needle of the multiplier is deflected, currents ar^ 
induced in the disc, either flowing from the circumference 
at a to the centre c, or from the centre c to the droum- 
ference at a and its vicinity, according to the position of 
the magnetic poles, and the direction in which the plate is 
turned : these currents, returning between c and a through 
the coils of the multiplier (which may be considered as a 
uniting wire), (40) deflect the needle from its position 
within the coiL If we suppose the disc to revolve directly 
in the line of the meridian, that is, towards the north, and 
the north pole P of the magnet to be on the right hand, then 
the current flows from the centre c to the circumference a 
and the neighbouring parts, and back again by the multi- 
plier to the centre. If we reverse the motion, or change 
the poles of the magnets, then we reverse the direction of 
these currents. 

63. It appears from these and many other similar experi- 
ments, that whenever any metallic substance is passed be- 
fore a single pole, or between the opposite poles of a magnet, 
whether a metallic plate, slip, or even a long metallic wire, 
currents are induced transverse to the direction of the 
motion of the metal. Here then we have a fair explanation 
of this new species of force which Arago considered to 
exist in his experiments with a revolving disc and mag- 
netic needle (58), and which it must be allowed difier 
materially from cases of ordinary magnetic action. If in 
the revolving disc (58), ^g, 51, we take one of the radii 
in the direction of the magnetic meridian — suppose the 
radius c din. the annexed fig. 55, c being the sou^, and d 
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the noTik extremity, and imagine tliat by tie motioii of 
the disc adhs, in the direction 
of the arrows a 5, a cnirent of 
electricity sets from c ix> d, imme- 
diately nnder the magnetic needle 
8 dy then, by (c) Table I. (41), the 
north pole of the needle d moves 
to the right hand, and the south 
pole 8 to the left, that is to say, 
in the direction of the motion 
of the disc. Now we may consider the disc as made 
up of a succession of radii indefinitely near each other, 
and hence a continued current is produced immediately 
under the needle, which returns in remote portions of 
the disc, and by which the needle is first deflected and 
finally set into rapid motion ; and thus we are enabled (41) 
to explain every circumstance connected with these in- 
teresting phenomena. Similar reasoning applies to the 
case of the rotation of a magnet under a moveable disc, 
it being evidently of no moment whether we suppose the 
disc in motion under the magnet, or the magnet in motion 
under the disc ; in either case the force is reciprocal (44). 

64* We may consider the tangential force in these cases 
to be resolved into two component forces, one parallel to the 
plane of rotation, and the other perpendicular to it : the 
first causes the circular motion, the last would be a repul- 
sive force, as observed by Faraday, and is probably the 
particular force Specified by M. Arago (69); and since 
without the motion of either the disc or the needle the elec- 
trical currents would not be induced, it farther follows that 
no attractive or other force is observable when the bodies 
are at rest. 

If we suppose the copper disc, ^g, SI, to be fixed, and 
the needle w w to be in oscillation over it, or that the needle 
be in oscillation within a ring of metal, fig. 50, there would 
necessarily arise a dragging or retarding force upon the 
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needle, by whicli the extent of the vibration would be con- 
tinually abridged, without the time of the vibration being 
affected ; and hence the needle woald be rapidly brought 
to rest ; for since the disc cannot move and follow the 
oscillation, it must necessarily fetter the movement of the 
needle. 

65. When a thick plate of iron is interposed betwen a 
rotatory disc and a magnetic bar revolving over it, fig. 51, 
the motion is completely arrested ; but mere plates of other 
substances were not observed to exert any influence in this 
way as a screen. By subsequent researches, however, it 
was found that mass was requisite to this effect. Thus a 
mass of copper about 3 inches thick and a foot square, 
being interposed between a rotatory magnetic disc and a 
thin disc of tinned iron poised on a centre immediately 
over it, completely arrested the motion impressed on the ^ 
iron. Silver, sdnc^ and other metals exert a similar influ- 
ence, when employed in masses of sufficient magnitude to 
compensate for their respective magneto-electrical energies.* 
It is probable that this screening effect depends on similar 
principles to those already explained (»S8). 

66. We may obtain a comparative numerical value of the 
magneto-electric energies of various substances by^the 

following simple formula, ( ^ ~ 1 J ^> in which a represents 

the number of vibrations of a magnetic needle in fix)e space, 
taken between given arcs of amplitude, as, for example, 
between 45 degrees and 10 degrees; 6, the number of 
vibrations within the same limits, under the influence of 
any particular substance, r being unity, as representing a 
constantly retarding force. Thus, if in free space (Exp. 
43) a delicately suspended bar performs 420 oscillations 
before the arc of vibration is reduced &om 45 degrees to 
10 degrees, and that under the influence of two given and 

* Harris, * Philosophical Transactions* for 1831, Part II. p. 497. 
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different xnetallio substances, the vibrations within the 
same limits are 30 and 20 respectively ; then the energy of 

/'420 \ 
the one is represented ^y( ^ ^ 1 ) **> ^^d the other by 

(-^TT — l)^i that is to say, they are to each other as 

13 : 20 * 

67. By a series of experiments which are detailed in the 
* Philosophical Transactions ' for 1831, Part I., it appears 
that the magneto-electric energy of bodies is directly as 
the mass of the substance within the limit of the magnetic 
influence, and inversely proportional to the square of the 
distance of any particle from the magnetic pole. As a 
consequence of this, it was found that the influence of the 
same substance on the magnetic needle is directly as its 
density. The following Table exhibits the relative energies 
of the metallic substances subjected to experiment, and 
calculated by the formula just given (66), 



* A magnetic bar or needle Tibrating nnder the influence of any 
given substance (Exp. 54) may be conceived to be reduced to rest by 
two retarding forces, one which would reduce the bar to rest when 
vibrating alone, and the other emanating from the substance itself: call 
the first r, and the latter b, then we have for the combined or total force 
r + B. Let a be the number of oscillations in free space, and b the 
oscillations under the influence of any given substance ; then since the 
number of oscillations may be taken as inversely proportional to the 
retarding forces, we have a:b : :r + b : r, or a r = 6 (r + b). From 

being a constant force, may be taken as unity ; hence the variable force 



whence we derive b = ?JL- — ^ « fL_ — xra/^^— l^r: but r 



of the different substances on the needle may be represented by ^ — 1 ; 

so that in dividing the nimiber of oscillations in free space by the num- 
ber under the influence of any given body, and subtracting unity from 
the quotient, we have a numerical value of the retarding force of the 
body. 
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68. A disturbance of tho equilibrium of temperature is 
another source of electrical currents in metallic substances^ 
and whicb flow between the heated and cooled parts, so as 
to deflect the magnetic needle, as in the previous ezperi« 
ment. 
Exjp, 49. Let the extremities of a rectangular coil of 

insulated wire, fig. 56, be at- 
tached to the opposite ends of 
a bar of bismuth a &, and a 
delicate needle suspended 
within the coil. Then, if heat be applied to one extremity 
a of the bar, the needle is immediately deflected ; and this 
action is augmented if ice or other cooling substances bd 
applied at the opposite extremity b. 

When two diflerent metals are united by soldering them 
together, then, by heating the metals at the point of junc- 
tion, and cooling the more distant portions, this current 
action is very greatly increased. The most powerful com- 
bination appears to be that of antimony and bismuth. 

Eoiyp, 60. Solder together, at right angles to each other, 
four bars of antimony and bismuth, Add e, and A B b e, 

fig. 57, so as to unite two com- 
binations of such bars into a 
rectangular frame A e. Place 
an astatic needle n (29) within 
the rectangle, and apply heat 



Fig. 57. 
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to one of the junctions, A, by means of a spirit-lamp, and 
keep the opposite angle c cool by means of ether dropped 
on a thin fold of mnslin wrapped ronnd the metallic joint. 
The needle n is immediately deflected from its position, and 
ienda to stand at right angles to the rectangle, as in other 
cases of deflection (40). 

The intensity of these thermo-electrical currents increases 
with the temperature, up to a certain point, about 120° of 
Fahrenheit's scale ; after this, that is, probably, when the 
heat begins to pervade the metal more equably, the inten- 
fiiiy of the current in most instances declines. 

[Experiments have shown that the thermo-electric pro- 
perties of metals have no connection with their voltaic rela- 
tions, or with their powers of conducting heat or electri- 
city ; neither do they accord with their specific gravities or 
atomio weights. In forming a thermo-electric series it is 
desirable to combine an extreme positive with an extreme 
iiegative metal. The following series was arranged by Pro- 
fessor Gumming. When any of these metals are heated at 
their point of junction, electrical currents are developed in 
such a manner that each metal becomes positive to all below 
and negative to all above it on the list, and the reverse 
order is observed if the point of junction be cooled : — 

Gblena. Cobalt. i Gold. Charcoal. 

Bismuth. Manganese, j Copper. Plumbago. 

Mercury.! Tin. Silver. Iron. 

Nickel. J Lead. Zinc. Arsenic. 

Platinum. Brass. Cadmium. Antimony. 

Palladium. Bhodium. 

The following thermo-electric order and energy of various 
bodies fortemperatures usually ranging about between 46° and 
100° has been published by Matthiessen (Phil. Trans. 1858). 
In the table, the electro-motive force of the thermo-current 
excited between silver and copper is taken as equal to 1, 
the current passing from the silver to the copper at the 
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beated end. The nambers represent the force of the caiv 
rent between silver and each metal in sncceBsion, heated to 
the same point. When the positire sign is proSzed, the 
onrrent is from the silver to the other metal at the heated 
jonction ; when the negative sign ia prefixed, the cnrrent is 
from the other metal at a bested point towards the silver. 
The asterisks denote that the mett^ by which it ia placed 
was sapposed to be chemically pore :— 

Thermo-Sieclric Order of Mttalt, ^c, according to MaUhietitn. 



Biamnth, conunerdol 

•BiBmutli, preflsed 

■Biamuth, cast . 
Cijatallized bUmnth, axial 21' 
CrjaCallized bismutli. 



equatorial 

Cobalt . 

Fotassium 

Nickel . 

PalladiDin 

Sodium . 
•Mercury ■ 

AlumiDum 

Magaesium 
•Lead, pressed 
•Tin, prBBsed "B 

Cop^ririre 



•Antimony, pressed ' 
•Silver 

Qaa cote, hard . 
•Zinc, pressed wire 
•Copper, voltaic 
•Cadmium 

Antimonj, pressed 

Strontium 

Lithium , , 
•Arsenic , , 

Calcium . 

Iron, piano wire 

Antimonj, axial 

Antimony, equatorial 

Alloy, 12 bismuthl 
„ 1 tin, cast / 

Alloy, 2 antimony 1 
„ I zinc, csBt/ 
•Telliirium 



0-039 
0000 

0-057 
0-208 



9-435 
13-670 



TheniK-'pileB. — The arrangement by Ifobili and Melloni is 

shown in figa. 58 and 69. It is composed of a series of 

l^'g- 68. Kg. fi9. 



small bars of antimony and bismuth, placed parallel side by 
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side, forming one prismatic bnndle abont 1^ inch long, 
and somewhat less in diameter. 

The bars of bismuth which sneceed alternately to those 
of antimony are soldered at their extremities to the latter 
metal, and separated at every other part of their surfaces 
by some insulating substance, such as silk and paper. 

The first and last bars have each a copper wire, which 
terminates in a peg of the same metal passing through a 
piece of ivory in a ring ; the space between this ring and 
the elements of the pile is filled with some insulating sub- 
stance. The loose extremities of the copper wires are con- 
nected with the ends of the wire of a galvanometer, which 
indicates by the motion of the needle any variation in the 
temperature of the opposite faces of the pile. 

A very efficient arrangement of the thermo-pile is that 
of Marcas. It consists of thirty-six elements; the negative 
bars, which are six inches long, being composed of anti- 
mony 12 parts, zinc 5 parts, bismuth 1 part; and the 
positive bars, which are 7 inches long, being composed of 
copper 10*parts, zinc 6 parts, nickel 6 parts. 

The bars are arranged on a frame in a slanting position, 
the positive bar of the first pair being metallically connected 
with the negative bar of the second, and the two extreme 
bars connected with binding screws, which form the ter- 
minals of the battery. The upper ends of the bars are 
heated by a series of Bunsen's burners, the flames of which 
can be easily regulated. 

Thermo-electricity is characterised by very feeble ten- 
sion. It can, therefore, produce feeble chemical action. The 
battery above described will, however, though on so small 
a scale, decompose water (feebly), and give small sparks 
between iron points ; will enable an electro-magnet to sus- 
tain 2 cwt. ; and when substituted for the voltaic battery 
lyith a 6-inch spark induction coil, will cause the produc- 
tion of sparks one inch long between the terminals of tlie 
secondary coll.] 

a2 
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69. An opinion has been long entertained by pbiloso- 
pliers that, since iron loses its magnetic energy at a very 
high, temperature, and regains it again as the temperature 
falls, there probably exists a low degree of heat at which all 
metallic substances would assume a magnetic condition 
similar to that of iron. This view, however, has not been 
confirmed by experiment. Faraday, in 1839, reduced the 
temperature of antimony, bismuth, cobalt, copper, and 
various other metals, below 110° of Fahrenheit's scale, 
but without developing in these bodies any kind of magnetic 
power. We have, so &r, no evidence of what may be termed 
the direct magnetism of temperature. 

70. Magnetic influence, as a universal agency, has been 
also extended to light, but with as little eventual confir- 
mation by careful experiments. Dr. Morichini, an eminent 
physician at Rome, first called attention to an experiment 
in which a steel needle became magnetized by exposure to 
the violet ray of the sun. This experiment was repeated 
by several eminent persons, sometimes successfully, at 
others not. The talented and amiable Mrs. Somerville, 
amongst others, subjected a sewing-needle to the influence 
of several rays of the spectrum, and found that the needle 
had become magnetic. 

About the period of Mrs. Somerville's experiments, Mr, 
Christie, in a paper communicated to the Eoyal Society, in 
1825, stated, that when a magnetic needle was caused to 
vibrate under the influence of the solar beam, the result 
was to augment the rate of the oscillation, and to bring the 
needle more rapidly to rest. 

Notwithstanding all these results, it is still very doubtful 
whether the sun's rays have any direct magnetic properties. 
Faraday, who spent some time at Rome in 1814, failed, under 
l^orichini's own direction, and working with Morichini's 
own apparatus, to magnetize a steel needle in the way de- 
scribed. The experiment, as admitted by Christie, further 
* failed in the ablest hands.' It is hence very probable that 
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the magnetic condition occasionallj found in Bteel needles 
on exposure to the rays of the sun, may have arisen from 
the heating and cooling of the steel, from position, or from 
some other of the many causes of magnetic change, of which 
Bteel is (especially in some specimens) so very sensible. 
There is also solid reason for supposing that the results 
arrived at by Mr. Christie, by the method of vibration, were 
dependent on the presence of the air, and other disturbing 
causes, which interfered with the accuracy of the experi- 
ment ; since, on a repetition of the same course of inquiry, 
with the needles and other substances enclosed in an 
exhausted receiver, the supposed influence of the sun's 
rays altogether vanished. In this case, with a magnet 
oscillating in a void, the sun's ray had little or no in- 
fluence on the arc of vibration, whilst the rate was rather 
retarded, probably by a slight expansion of the bar, or de- 
crease of its magnetic tension by heat. Bars of copper and 
other non-magnetic metals, vibrating by the bifilar suspen- 
sion, exhibited similar results, in air and in vacuo, as a 
magnetic bar, each being vibrated in the sun's rays, and in 
the shade. It is hence extremely doubtful whether mag- 
netism, as a universal agency, extends to light, considered 
as a form of matter, more especially when we find that the 
most intense artificial light has no influence whatever on 
the vibrations of the horizontal needle.* 

71. The progress of these very exciting inquiries into the 
operation of magnetism as a universal principle aflecting 
every species of matter, has received fresh impulse from the 
genius of Faraday, who found that lines of magnetic force, 
in passing through certain transparent bodies, so aflected 
their molecules as to impress on them a peculiar magnetic 
condition quite new to us, and by which a divided^ ray of 
light a^ passing through the body at the same time 
parallel to the magnetic lines, becomes bent, as it were, in 

♦•Harris, Edin. Phil. Trans, v.l. xiii. Part I. 
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ite course, the cLaracter of the force impressed on the ray 
being that of rotation. 

72. Bj lines of magnetic force, we are to nnderstand snch 
forces as are exerted between two opposed magnetic poles 
(28), figs. 16, 17, 18 : they may be either straight or curved. 

Any substance through which such forces pass without 
rendering the substance magnetic, after the manner of iron, 
is termed a dia-magnetic substance ; and the peculiar con- 
dition impressed upon its molecules by the transmission of 
the magnetic forces, dia-magnetism. 

J^ajp. 61. K a divided and reflected ray of light, r ty 
fig. 60, be passed through a cube of heavy glass, a c, about 
2 inches square and ^ an inch thick, in the direction t r of 
its length, this cube being placed between the poles p n 

Fig. 60. 









of a very powerful electro-magnefc, and in such way that the 
ray r t and the lines of magnetic force betwen P N (28) 
may be nearly parallel to each other ; and if previously 
to sending the current through the coils of the electro- 
magnet (53) we view the ray through an eye-piece, ty con- 
taining a crystalline substance, by means of which we can, 
in turning round the eye-piece on its axis, cause the image 
of the flame of the lamp from whence the light first pro- 
ceeds to disappear ; then, immediately, we send the current 
through the coils of the electro-magnet, the image of the 
flame will again reappear, evidently showing that the ray 
had become bent or turned aside from its first course.* 

• A ray of Hgbt, in passing through certain crystalline mineral sub- 
Btanccs, becomes split, as it wore, into two portions, by some peculiar 
property of sudi bodies, thus giving origin to two distinct images. If 
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When tte image of the lamp flame has thns been ren- 
dered visible, the revolntion of the eye-piece to the right or 
lefb, more or less, will canse its extinction. If the pole nearest 
the observer be a north pole, the ray rotates to the right 
hand ; if the poles be changed by reversing the current, the 
ray rotates to the lefb hand ; so that a magnetic line of force 
going from a north pole or coming from a south pole along 
the course of a polarized ray of light directed towards the 
observer, the dia-magnetic body through which the light 
passes will rotate the ray to the right hand : if, on the con- 
trary, the lines of magnetic force come in the reverse direc- 
tions, then the ray is rotated to the left hand. 

By way of illustration, let a common watch be taken to 
represent a dia-magnetic substance, and suppose the north 
pole of a magnet applied to its face, and the south pole to 
its back, and a polarized ray of light to pass at the same 
time through the watch, from the back to the face, towards 
the observer ; then the course of the hands of the watch is 

thesB ra3rs be now caused to pass through a second similar crystalline 
body, placed in a particular position, they are subjected to a still further 
division, and each ray undergoes a cert^iin physical change : this physical 
change has been termed polarization. If we take then a fine plate of 
the toarmaline, for example, cut from the mineral in a plane parallel to 
the axis of the prism, we may perceive a candle through it as through a 
plate of coloured glass. If under these circumstances we interpose a 
second similar thin plate of tourmaline between the eye and the first 
plate, and turn this second plate slowly round upon a horizontal axis, 
the candle will disappear and reappear at every quarter of a revolution, 
according as the line of section of the two plates coincide or cross each 
other. If the original ray of light be reflected from a plane mirror at a 
given angle, and we examine this reflected ray by a single plate of tour- 
maline in a similar way to the preceding, the same thing occurs as with 
the two plates — ^the image of the candle or lamp from which the rays 
proceed will appear and disappear at every quarter of a revolution. In 
the experiment above described, a prismatic eye-piece, termed a Nichols* 
prism, was employed, consisting of a crystalline substance capable of 
turning aside one of the rays and employing the other free from colour 
and by turning round which, upon a horizontal axis, the image of the 
flame from the reflected ray could be made to disappear. 
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the direction, in ihia case, in wUcIi the ray is cansed to 
rotate hy ihe influence of the lines of magnetic force.* A 
great variety of other tranaparent bodies, each as flint glass, 
a<nde, alkaliea, fixed oils, water, alcohol, ether, exhibit this 
cnrioos phenomenon ; but rock crystal, Iceland spar, and 
Babstnnces possessing the power of double refraction, have 
no such effect. 

The apparatns shown in fig. 61 was constradcdby Bottger, 

Fig. 61, 



for the illnstration of these novel phenomena :— 

a. is aatandsnpportiiig a pair of achromatic Nicol's prisms, 
g and/placed horizontally; between these there is placed a 
brass tube some two or three lines in diameter and fi^m 
6 to 8 incheslong, closed at both ends by plates of glass, hk; 
the tube, filled with any double refracting liquid, such as 
tartaric aoid, oU of turpentine, eohdionof engar, &c., is placed 
in the axis of a hollow helix, c, which is lined throughont its 
entire length with a thin cylinder of sheet iron; the pro- 
jecting terminals of the helix are brought by means of the 
* Fai«day, ■ Fhllofophical Tranesctions foi ISIS,' Part L 
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commntator, d, into connection with the poles of a Grore*s 
battery of 6 or 7 pairs. 

On allowing the light from an argand lamp, t\ to pass 
through the hindermost prism, and thus causing a ray of 
polarized light to traverse the solntion in h &, it will bo 
observed that a certain position may be given to the firont 
movable prism, ^, in which the field is dark, if now by 
completing the circuit, the galvanic current be caused to 
traverse the pile in such a manner that- it enters the right* 
handed helix, where the polarized ray enters the re&acting 
liquid, the longitudinal magnetic axis, coinciding with the 
axis of the ray, or, in other words, the magnetic N polo 
being at h and the 8 pole at h^ there will instantly be in- 
dicated a rotation of the plane of polarization to the left 
the field no longer remaining dark, but becoming of a red- 
dish hue, the phenomenon remaining constant as long as the 
circuit is closed. On inverting the current by means of 
the commutator, so that the N pole is brought to h and the 
8 pole to 5, the plane of polarization becomes inverted to 
the right, the field at the same time becoming of a blueish- 
green tint. Taking the natural rotating force of a specimen 
of oil of turpentine as a standard of comparison, Faraday 
obtained the following results, a powerful electro-magnet 
being employed, with a ponstant difierence of 2J inches 
between the poles :— 



Oil of turpentine 


. lis 


Water 


. 10 


Heavy glass • • 


• 60 


Alcohol • 


• less than water. 


Flint glass • » 


. 2-8 


Etlicp ■ . 


. less than alcohol. 


Bock salt . • 


. 2-2 







The rotatory power superinduced by magnetic action is 
quite independent of that which the substance possesses of 
itself. In oil of turpentine, for instance, whichever way a 
ray of polarized light passes through this fluid, it is rotated 
in the same manner, and rays passing in every possible 
direction through it simultaneously are all rotated with 
equal force and according to one common law of rotation^ 

B 8 
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i. c, all right-banded, or else all to the left. This is not 
the case with the rotation superinduced on the same oil of 
turpentine by the magnetic or the electric force ; it exists 
only in one direction— that is, in a plane perpendicular to 
the magnetic line, and being limited to this plane, it can be 
changed in direction by a reversal of the direction of tho 
inducing force. The direction of the rotation produced by 
the induced condition is connected invariably with tho 
direction of the magnetic line or the electric current^ and the 
condition is possessed by the particles of matter, but strictly 
limited by the line or currents changing or disappearing 
with it.] 

73. If the magnetic forces had magnetized the several 
transparent bodies employed in these experiments, then the 
molecular condition of a transparent magnet might probably 
have been examined by means of light ; but since they did 
not, Faraday infers that their molecular condition is a new 
magnetic condition, and the force imparted to such bodies a 
new sjpecies of magnetic force, or mx)de of action of common 
matter ; and since the degree of transparency only makes a 
distinction between individuals of a class, it is to be inferred 
that similar forces arise in opaque dia-magnetic bodies 
whenever lines of magnetic force pass through them (?2). 

-,. We cannot, in fact, doubt 

, f^* that in the case of a trans- 

j parent substance the lines 

of magnetic force act upon 
and affect the internal con- 
I ^ stitution of tlio body just 

in. as much in the dark as in 

the light, though it is solely 
by means of the ray of light that we are at present enabled 
to detect this particular condition of the molecules of matter. 

74. When these substances which we have termed dia- 
magnetic (72), and which comprise a very extensive class 
of bodies, are delicately suspended between the poles of a 
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powerful electro-magnety tHey invariably stand transyerse 
to the magnetic lines of force. Let, for example, P K, fig. 
62, be the terminating poles of an extremely powerful elec- 
tro-magnet, as in fig. 60. We may term the intermediato 
space c, between these poles, the magnetic field — ^the line of 
the poles p k, the axial line— and the line m ?», perpendicular 
to this and passing through the centre of the field, the 
equatorial line.* 

Ea^. 52. Let a bar of heavy glass or any of the sub* 
stances not magnetic, after the manner of iron, be suspended 
by a silk fibre, so as to hang in the centre c of the magnetic 
field or space between the poles f n, fig. 62 ; pass a strong 
current through the coil; the bar, if previously settled 
axially in the line p N, will now vary from this position and 
settle in the equatorial line, ncm. 

If the substance be near one of the poles, that is, out of 
the centre c, then on pointing equatorially it is apparently 
repelled, and this repulsive efiect is common to both poles, 
so that we have in this case magnetic repulsion without 
polarity (7). 

[Faraday submitted a large number of substances, solid 
and liquid, to the action of the magnet, the liquids being 
enclosed in small glass tubes hermetically sealed. The 
results are given in the following table :— 

Pointed axiaUy (Magnetic). 

Paper. China ink. Silkworm gut. 

Sealing wax. Berlin porcelain. Asbestos. 

Fluor spar. Red lead. Vermilion. 

Peroxide of lead. Sulphate of zinc. Tourmalino. 

Plumbago. Shell lac. Charcoal. 

Pointed equatorially (Dia-magnetic.) 
Bock crystal. Nitric add. 

Sulphate of lime. Sulphuric acid. 

* Faraday, * Exporimental Besearchea/ nineteo&tli sericfl. 
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Sulphate of baryta. 
Salphate of magnesia. 
Alnm. 

Mniiate of ammonia. 
Chloride of lead. 
Chloride of sodium. 
Nitrate of potassa. 
Carbonate of soda. 
Iceland spar. 
Oxalate of lead. 
Tartrate of potassa and 

antimony. 
Tartaric acid. 
Citric acid. 
Water. 
Alcohol. 
Ether. 
Sugar, 
Starch. 
Gum arabio. 
Wood. 
Ivory. 

Dried mutton. 
Fresh beef. 



Muriatic acid. 

Solutions of alkaline and 

earthy salts. 
Glass. 
Litharge. 
White arsenic. 
Iodine. 
Phosphorus. 
Sulphur. 
Besin. 
Spermaceti. 
Caffeine. 
Cinchona. 
Margaric acid. 
Wax from shell lao. 
Olive oil. 
Oil of turpentine. 
Jet. 

Caoutchouc. 
Dried beef. 
Fresh blood. 
Leather. 
Apple. 
Bread. 



Phosphorus appears to stand at the head of all dia-mag- 
netic substances ; its pointing may be verified between the 
poles of a common magnet. 

If a man could be suspended between the poles, he would 
point equatorially, for all the substances of which he is 
made possess this property. 

Various gases, simple and compound, were also examined 
by Faraday, and the following, in relation to atmospheric 
air, were proved to be dia-magnotic, viz. : — 

Nitrogen^ hydrogen (strongly so), carbonic add, cathonto 
oxide^ nitrous oxide^ nitric oxidCf olefiant gas^ coal gas^ suU 
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pJiuroiis add gas^ muriatic acid gas^ hydriodie OAyid gas, fliw^ 
. silicon, ammonia, chlorine, iodine, hromine, and cyanogen. 

The most striking circumstances in these experiments 

were the strongly-marked dia-magnetic character of hydrogen^ 

I and the feeble dia-magnetic condition of oxygen, standing, 

as it does, in this respect far apart from all other gaseous 

substances. 

Oxygen, indeed, is a magnetic substance, its magnetic force 
being in proportion to its density. It is, in the air, what 
iron is in the earth, and is in striking contrast with the 
nitrogen which dilates it in the atmosphere, which is neither 
magnetic nor dia-magnetic, but, magnetically considered, 
zero,"] 

76. Metallic bodies, as a class, are found to exhibit highly 
interesting and distinctive characteristics in regard to this 
new species of force ; and the powerful operation of the 
electro-magnet determines at once whether they are to be 
considered as magnetic substances or not. If magnetic, 
they would point axially ; if dia-magnetic, equatorially(74) ; 
if near one of the poles, they would as magnetic bodies be 
attracted ; if dia-magnetic they would be repelled. On 
submitting metallic substances to this test, iron, nickel, 
cobalt were at once found to be magnetic bodies-^they all 
pointed axially : to these may be perhaps added, platinum, 
palladium, and titanium : all the other metals, antimony, 
bismuth, copper, gold, &c., were found to stand transverse to 
the lines of magnetic force, and to be repelled by both poles. 

76, The dia-magnetic force manifested by different metals 
varies considerably in degree. Bismuth, which has the least 
magneto-electric energy of all the metals (jo7\ Table III., 
has the greatest dia-magnetic power. Antimony, another 
metal low in the scale of magneto-electric energy, also ex- 
hibits considerable dia-magnetic force. It is further remark- 
able that copper and silver, the highest in the scale of 
magneto-electric energy (fi^), have the lowest dia-magnetic 
force. 
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[Copper, m consequence probably of ita exoellent con- 
ducting power for electric cnrrente, ezhibite some remark- 
able phenomena. When a mass of copper is snepend^R 
between the poles of a powerful electro-magnet, it first 
advances towards the axial line, as if it were magnetic ; it 
then suddenly stops, and takes np a new position, fiom 
which it can only bo removed by the application of some 
force. Even when swinging with considerable momentom, 
it can be caugbt up and retained at will. 

In order to form a good idea of the arresting power of 
these induced currents, let a lump of solid copper, approach- 
ing to the gbbular or cubical form, weighing &om ^ to ^ a 
pound, be suspended by a long thread ; let a rapid rotation 
bo given to it, and then let it be introduced into the mag- 
_ , netio field of a powerful electro- 

magnet, as sliown in fig. 63. 
I Its motion will be instantly 

1^ stopped, and on trying further to 

MB spin it whilst in the field, it will 

^^^ be found impossible. Or let a 

disc of copper be set in rapid ro- 
tation, and then suddenly intro- 
duced into the m^nctic field; its rotation will be instantly 
suspended.] 

The repulsion of bismuth and antimony by the poles of 
the magnet appears to have been noticed twenly years since 
by Baillif, of Pttris, although under oircumatancea widely 
diflerent from those of Faraday. 

77. On submitting raagnetio and dia.magnetio metals to 
the infiuence of beat, a decisive difierence is still manifest 
between them. The decidedly m^uetic metals, iron and 
nickel, still point ajcially and are attracted by the magnet, 
even when they are heated to such an extent as to anni- 
hilate their influence on common artificial magnets : hence 
these metals are not thus far redncible to a pure din-mag- 
netic condition. Such facts therefore are subversive of 
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i the opinion (69) that every metallic snbstance wonld 
probably assnme a magnetic condition similar to iron if 
BTibjected to very low temperatnres. 

78. These very iniportant inqnines being perfectly 
original and new, are clearly separable from the early ex- 
periments of Coulomb (56), and the subsequent investi- 
gations of M. Becquerel (57). The discrepancy which 
appears to have arisen in the case of Coulomb's experi- 
ments, in which needles of various substances were found 
to settle in the line of magnetic force and point axially, 
is by no means inexplicable. First, the very great power 
of the electro-magnet employed by Faraday at once places 
the experiment in a condition more favourable to a correct 
result. This magnet could sustain a hundredweight at 
each pole. The form and size of the magnetic poles in 
Coulomb's experiments, as compared with the size of the 
needles — ^the possibility that the substances tried contained 
very small portions of iron, and the interference of many 
circumstances, of which Coulomb was not aware, but 
which have since led to singular precautions in this kind 
of research — all tend to show not only the possible but 
probable cause of the difference which appears to have 
arisen in the two experimental investigations. Even with 
. the intense magnet used by Faraday, very great caution 
was found requisite in the manipulation, in order to arrive 
at an unmixed result. The repulsion of both bismuth and 

f antimony by the magnetic poles has been observed and re- 
corded by Brngmans in 1778, by M. Baillif in 1827, and 
by other philosophers ; yet we may infer from Coulomb's 

' results that needles of these substances, in common with 

all other matter, pointed axially. It was not, however, 
always that substances took an axial direction in these 
experiments, as admitted by M. Becquerel ; in several in- 
stances they stood transverse to the lines of magnetic 
force. In M. Becquerel's subsequent inquiries this was 
especially observable with certain oxides of iron, and also 
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with needles of wood and gam lac, when placed in a cer- 
tain relatire position to the magnetic pole (57). M. 
Becquerel hence concludes that the only diflferenoe in the 
magnetic condition of bodies, when pointing eqnatorialljr, 
is that they become magnetized transversely or across their 
length. Faraday's researches, however, very completely 
set this question at rest. The position of the bodies in 
M. BecqtLerePs experiments with the oxides of iron is 
an unstable, and in many cases an uncertain position, whilst 
the centre of gravity of the suspended system is always 
attracted by the magnetic poles ; whereas in the case of 
pure dia-magnetic action, the equatorial position assumed 
by these substances is a position of stable equilibrium, 
and from which, if the bodies be deflected or turned 
aside, they will invariably return to again, and with a 
sensible degree of force, instead of being attracted by the 
magnetic poles, they are always repelled. These beautiful 
and most important researches must therefore be con- 
sidered as entirely distinct and independent of all former 
experiments, and as very clearly establishing the existence 
of a new macrnetic condition of matter hitherto unknown 
to us. 

[That the dia-magnetic force is a 'polar force, but that the 
polarity is the reverse of magnetic polarity, has been 
proved by Tyndall, who, in the Bakerian Lecture for 1855, 
investigates the subject at great length, and adduces 
powerful experimental evidence in proof of the duality of 
dia-magnetic excitement and of dia-magnetic polarity. 
Faraday had come to the conclusion that no proof of dia- 
magnetic polarity could be obtained from his own experi- 
ments or from those of Weber and Reisch, and Von Heiltsch 
endeavoured to prove that dia-magnetic bodies possess a 
polarity the sa/me as that of iron. 

For examining the question of the 'polarity' of dia- 
magnetic bodies, Tyndall (Phil. Trans., 1856) caused the 
dia-magnetio bar, suitably excited, to act upon an astatic 
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Bysfem of steel magnets, and fix>m the deflection of the 
system the polarity of the bar was inferred. 

The apparatus employed consists essentially of two 
spirals of covered copper wire, about 18 inches long, 
firmly attached to a massive mahogany slab in a vertical 
position. Above the spirals is a wooden wheel, with a 
grooved periphery, and below them a similar one. The 
wheels are united by an endless string, which commuju- 
cates motion from one of them to the other. To this string 
the cylinders submitted to examination are attached, and 
by turning the lower wheel with a suitable key, the 
cylinders can be caused to move up and down within the 
spirals. Two steel bar magnets are arranged astatically, 
connected by a rigid brass junction, and so suspended that 
the magnets are in a horizontal plane. The two magnets 
have the two spirals between them, their poles being oppo- 
site thexentres of the spirals. When, therefore, a current 
is sent through the spirals, it exerts no more action on the 
magnets than the central or neutral pomt of a magnet 
would do. If the bars within the spiral be perfectly central, 
they also will present these neutral points to the suspended 
magnet, and hence exert no action upon them. But if the 
key be so turned that the two ends of the dia-magnetic 
bars shall act upon the magnets, then if these bars be polar 
the intensity and character of their polarity will be indi- 
cated by the deflection of the magnets. Hence we have 
not only the action of the earth neutralized, but a turning 
force is brought to bear upon the suspended system four 
(ivies that which would come into play if only a single 
spiral and a single pole were made use of. The instrument is 
enclosed on all sides from external air currents : the magnets 
have a mirror attached to them, which moves as they move, 
and which is observed by means of a telescope and scale 
placed at a distance of about sixteen feet from the instrument. 
The apparatus and the working of its various parts will be 
understood by a reference to fig. 64. b o, b' o' is the outline 
of the rectangular case, the front of which is removed so 
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B3 to ehow ibe apparatiu withiit, d d' are the BCrew-boloa 
Fig. at by which the box is secured 

finnly to the wall H e; u' b' are 
the copper wire hehces wound 
Toand two brsas reels, the upper 
c ends of which protrude from H 

to and from h' to c' ; WW' ajro 
the grooved wheels to the string 
of which are attached the cy- 
linders mnop of .the body to be 
examined ; o a' is a cross-bar of 
broas, through the centre of which 
the screw a passes, from which 
the astatic arrangement of the 
magnets a h is suspended by silk 
fibres : the black circle in front ot 
the magnet B N is a mirror, and 
the rectangle d a, d' a' is the 
outline of a copper damper, which, 
owing to the current induced in 
it by the motion of the magnets, 
soon bring the latter to rest, and 
thus expedites the experiment. 

When cylinders of hwtuith, 
copper, antimonij, heavy gUMg,mar' 
ble, and many other sabstances, 
were submitted to experiment 
with this apparatus, very marked 
deflections were produced. We 
quote one particular experiment 
performed by Professor Tyndall, 
in the presence of Professors Faraday, Do la Bivo, and Marcet. 
The bismuth cylinders were ii inches long and 0'7 of an 
inch in diameter, and were chemically pure. A cnnent 
from a einglo cell of Grove's battery being caused to circu- 
late in the helices, the cylinders remaining in their centres 
as in the figure, the cross wire of the telescope cut the 
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ntunber 650 on the scale. Turning the wheel w', so as to 
raise the cylinder m n, and depress the cylinder o jp, the 
magnet promptly moved, and after some oscillations took 
up a new position of equihbrinm, the cross wire of the 
telescope then catting 670 in the scale. 

Reversing the motion so ad to place the cylinders again 
central, the former position, 650, was assumed : on turning 
farther in the same direction so as to depress m n and raise 
p, the position of equilibrium of the magnet was 630. 
Hence, by bringing the two ends n and o to bear upon the 
astatic magnet, the motion was from smaller to greater 
nnnabers, the position of rest being then twenty divisions 
greater than when the bars were central. By bringing the 
ends ni and jp to bear upon the magnet, the motion was 
from greater to smaller numbers, the position of rest being 
twenty divisions less than when the bars were central. 

When the current was caused to flow through the helices 
in the contrary direction, an opposite result was obtained. 
The following was the experiment : The bismuth cylinders 
being in the centres of the helices, the cross wire of the 
telescope cut the number 482 on the scale. Turning the 
wheel so as to raise m n, and depress o jp, the cross wire cut 
468 ; reversing the motion so as to place the cylinder again 
central, the former position of 482 was assumed, and on 
turning further in the same direction so as to depress m n^ 
and raise o jp, the number became 498. In this case, there- 
fore, the first motion was from greater to smaller numbers, 
and the last &om smaller to greater. 

Dia-magnetic liquids have been included by Tyndall in 
this examination, and their polarity established.] 

79. Upon a review of the whole course of inquiry from 
the time of Coulomb's experiments in 1800 to the present 
day, we are driven to the conclusion that all matter is not 
soscoptible of ordinary magnetism after the manner of iron ; 
that the class of what may be termed magnetic bodies is in 
this sense very limited, being confined principally to iron, 
nickel, and cobalt, to which we may add, perhaps, although 
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with a less degree of certainty, palladiam, platinum, and 
titanium. On the other hand, by the discovery of dia- 
magnetic action, the question of universal magnetism 
becomes placed in a new and very different light. In this 
case we arrive at the existence of magnetic forces the very 
opposite of those existing in common magnetic bodies ; the 
first lead to attraction, the latter to repulsion, yet we may 
fairly conclude that all matter is susceptible of magnetic in- 
fluence under one or the other of these forms, that is, either 
magnetically after the manner of iron, or dia-magnetically 
after the manner of bismuth. In this sense magnetism may 
be considered as a universal agency. Instead, therefore, of 
associating bodies under the two classes of magnetic and 
non-magnetic bodies (54), we should distinguish them as 
magnetic or dia-magnetic bodies, and between which there 
is evidently a definite, and striking contrast. 

The following order of metallic substances in the scale of 
universal magnetic force has been derived from Faraday's 
papers ; and although open to future correction, it is stiU 
extremely usefal in the way of reference : 

Magnetic, Dia-magnetic. 

Iron. Cerium. Bismuth. Mercury. Arsenic. 

Nickel. Titanium. Antimony. Lead. Uranium. 

Cobalt. Palladium. Zinc. Silver. Hhodium. 

Manganese. Platinum. Tin. Copper. Iridium. 

Chromium. Osmium. Cadmium. Gold. Tungsten. 

Sodium. 

V ^ f 



The scale here, as in the classification of electrics and 
conductors,* runs through neutrality from two extremes : 
the zero point is to be taken as the condition of indifference 
to either magnetic force, viz. ai^raction or repulsion ; the 
further any metal stands from this point, the more perfect 
it is of its class. 

* * Hudimentary Electncity/ p. 8. 
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CHAPTER V. 

laONETIC INSTKUUENTS, THEIB CONSTBUCTION AND USB. 

Artificial Magneta — Conversum of lion into Steel — ^Temperament — 
Varioua PzoceBses of Magnetizing — Compound Magnets — Magnetic 
Machines — ^Magnetoscopes and Magnetometers — The Compass — 
Various Instruments for Determining and Measuring the Hourly 
Changes and Declination of the Vertical and Horizontal Keedles. 

80. The extensive application and importance of mag- 
netism to practical purposes has necessarily led to the con- 
stmction of a great variety of magnetical instruments. 
These may be separated into the following classes : 

1. Instruments for the accumulation and development of 
magnetic power. 

2. Instruments for detecting the presence, indicating the 
polarity, and measuring the amount of magnetic force. 

8. Instruments for determining the direction and mea- 
suring the declination of the horizontal and vertical needles 
(24), under a variety of circumstances and conditions, and 
at any instant. 

81. Instruments for the accumulation and development 
of magnetic power consist principally of artificial magnets 
(19), simple and compound; combinations of compound 
magnets, termed magnetic machines; and the electro- 
magnetic spiral (53). 

We have seen (Experiment 17,) (32), that when a mass 
of iron is applied to the pole of a magnet, it becomes power- 
fully magnetic ; the susceptibility, however, of this excita- 
tion is less in hard and brittle pieces of iron or steel than 
in pieces which have been softened by heat. Hard steel, 
however, possesses, on the contrary, as before observed (16), 
a greater retentive power. The magnetism developed in a 
piece of soft iron, t, %. 24, vanishes, or nearly so, directly 
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we remove the iron from contact with the magnet ; whereas 
in substituting a piece of very hard steel, although requir- 
ing a higher degree of power for the development of its 
magnetic energy, wo find the magnetism induced in tbe 
steel permanent. The magnetic susceptibility and the re- 
tentive power are consequently in some inverse proportion 
to each other. As a first or leading principle, therefore, 
in the production of magnetic machines, we must seek to 
obtain the greatest amount of susceptibility consistent with 
a high retentive power in the steel. 

82. We have already described (19) the principal kinds 
and forms of artificial magnets. These we have found to 
consist of straight or curved bars of hard steel in which 
magnetism has been excited by the aid of the natural or 
other magnets. Now, the degree of force which can be 
thus produced in bars of steel will be further dependent on 
the proportion of the surface of the bar as compared with 
its bulk, all other things being equal. A thin steel plate, 
for example, may have a much higher degree of fropor* 
iionate magnetic power excited in it than the same quantity 
of the like steel disposed under a more concentrated 
form, a result probably dependent on the fact that the 
magnetic excitation does not reach far beneath the surface 
(27). Dr. Ingenhous (Phil. Trans. 1779) constructed a 
small magnet of several laminDB of magnetized steel firmly 
pressed together, which he found would sustain 150 times 
it own weight — a force quite unknown in a single bar of 
the same dimensions. 

83. The best relative dimensions, however, for magnetic 
bars for general purposes, will in some degree vary with the 
length of the bar, and the particular experimental object in 
view. CaveUo recommends, for bars of about five inches in 
length, that the breadth be one-tenth part of the length, and 
the thickness one-half the breadth. Canton gave to such 
bars a breadth of about the one-eleventh part of the length, 
and a thickness rather less than one-third the breadth. 
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Coulomb, in bis compound magnets constructed of bars 21 
inches long, made tbeir breadth about the one-thirty-Efth 
part of their length, and the thickness one-third the breadth. 
In the more early experiments by Dr. Gowan Benight, the 
breadth of his magnetic bars was from one-twelfth to one- 
fifteenth their length, and the thickness one-half the width. 
For bars of about 2 feet to 30 inches long, the breadth may 
be about the one-twentieth of the length, and the thickness 
something more than one-third the breadth. Bars intended 
for magnets of the horse-shoe form (19), fig. 8, may have a 
greater length in proportion to their width than ordinary 
straight bars. 

84. Another great point which we have to consider in 
the construction of artificial magnets and magnetic machines, 
is the kind and quality of the steel, together with the degree 
of hardness or temperament to which it has been subjected. 

When pure malleable bar iron has been slowly and for a 
long time heated in a closed furnace, in contact with pul- 
verized charcoal, and subsequently allowed to cool gradually 
for a space of several days, the texture of the metal becomes 
changed ; it loses much of its ductility and malleabiHty, but 
gains in hardness and elasticity ; it has united with a certain 
portion of carbon, and has been converted into what we call 
steel. 

85. Steel, when suddenly cooled from a high point of 
temperature, becomes extremely hard and brittle : hammer- 
ing wiU also harden steel very considerably ; but the most 
effective method of hardening steel bars intended for arti- 
ficial magnets, is to raise the temperature of the bar to a 
bright red or even white heat, and then plunge it into cold- 
water brine, or some other cold liquid, such as oil. Steel 
thus treated resists the action of a file, and may be made to 
scratch glass like the diamond. 

86. After being thus hardened, steel may be again softened 
to any required degree, by the process called tempering, 
which consists in again exposing it to heat on a plate of 
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red-hot iron. As the heat begins to permeate the metal, 
the surface will be observed to pass through successive 
changes of colour. First, it will appear to assume a red or 
purple tint ; then a yellow or straw colour ; this gradually 
deepens and changes to a light blue ; we have then a deep 
blue ; finally, the steel becomes red-hot. 

We are enabled by these various tints to estimate the 
degree of hardness retained by the steel at any moment, 
and may hence, by its removal from the iron at that moment^ 
obtain the precise degree of hardness we require. When we 
perceive the straw colour, the steel will have become a little 
softened ; it is then in a fit state for certain tools, such as 
drills ; this point has been termed * drill temper.* When 
the colour has changed to a blue, it is then in a fit state for 
springs of various kinds ; this point has been termed ^ spring 
temper : ' we may therefore, by a little practice, temper steel 
to any required point. 

87. The process of converting iron into steel, and its 
subsequent treatment, has given origin to several different 
qualities and kinds of steel, all of which have received some 
distinguishing term. 

During the first process of cementation, with charcoal, 
the surface of the iron frequently becomes blistered hj 
the heat. Bars in this state constitute what is called 
^ blistered steel :' these bars of blistered steel, when exposed 
again to heat, doubled, welded together, and again drawn 
out, produce what is termed * shear steel,' of which kind we 
have the single and double shear steel, according to the 
extent of the process of conversion. 

When blistered or unrefined steel is fused in a crucible 
with a little charcoal or black oxide of manganese, in a 
wind famace„ it may readily be cast into ingots or bars; 
this is denominated ^ cast steel.' Thus treated, the steel 
acquires a more uniform texture and a closer grain, and is 
harder or softer according to the quantity of the fiux em- 
ployed ; when subjected to the action of the hammer, the 
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texture becomes still more compact, constituting hammered 
cast steel, one of the most valuable forma of steel as yet 
obtained. 

88. Of these different kinds of steel, the hammered ingot 
steel, made from very good Swedish iron, smelted with wood 
charcoal of the first quality, may be considered as being well 
adapted to the purposes of artificial magnets. We are still, 
hovrever, open to accidental varieties of quality almost 
impossible to avoid. If the steel, when fractured, exhibits 
a uniform and small silvery granulated appearance, it will 
be found, on being properly tempered, susceptible of a high 
degree of magnetic development. It is always, however, 
difiicult to furnish a universal reply to the question — ^what 
is the best kind of steel for magnets, and what degree of 
temper or hardness should be given to it ? The Rev. Dr. 

Scoresby, to whose unwearied labours in this department 

of scieiice we are indebted for a most complete and exten« 

sive series of experiments and investigations relative to this 

question, gives the following general deductions.* 

For straight bar magnets of a massive kind, the best cast 

sfeel, made quite hard, should be employed. 

For compound magnets, constructed of thin plates of 

what is called ' steel busk,' the best cast- steel hardened to 

the greatest possible degree by means of oil. 

For single horse-shoe magnets, also the best cast steel, 

tempered from file hardness at about 550% or shear steel a 

little reduced. 

For compound horse-shoe magnets, cast steel tempered 

at from 480*' to 500*^ Fah., or shear steel rendered perfectly 

hard. 

The limits of the degree of hardness the most efiective 

for all practical purposes are comprised between the brittle 

hardness of files and that of elastic spring temper. 

89. Coulomb employed a kind of steel termed deader 

timbre a eept etcdlesy the bars being tempered at a cherxy-red 

♦ * Magnetical Investigations,' Part II. p. 282, 

F 
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licat. M. Biot, as just remarked, recommends tlie bars to 
be first made as hard and brittle as possible, in wbich case 
they will be frequently warped and distorted ; then to let 
them down to a temper indicated by the first shade of 
yellow, at which point they may be set straight with a 
hammer.* 

METHODS OP COMMUNICATING MAGNETISM TO STEEL BAES. 

90. The first means of imparting magnetism to steel 
was, as we have already described (16), by contact with 
the armed lodestone or other magnet. A more efficacious 
method, however, of magnetizing small needles or bars by 
simple contact, consists in placing the bar or needle between 
the opposite poles of powerful magnets, as for example in 
the magnetic field s N, fig. 17, page 25, immediately between 
the poles s N. 

91. We are indebted to Dr. Q-owan Knight, F.R.S., a 
London physician, for the first important step in the com- 
munication of magnetism to bars of steel. His method, aa 
given in the * Philosophical Transactions ' for the years 1746 
and 1747, vol. xliv., is as follows: two powerfiil magnetic 
bars M m', fig. 65, are placed in the same straight line, with 
their opposite poles n s very near each other ; the needle or 

Fig. 65. 




bar n ^ to be magnetised is laid fiat on the surface of the 
bars immediately over the opening n s, between them. If 
the bar w s be a magnetic needle having a cap for suspension, 

* In giving steel bars the precise degree of hardness required, it is 
desirable to let them down from extreme hardness, as recommended by 
Biot : great uncertainty often arises in the tempering of bars, in tho 
common method of plunging them into cold water at low degrees of 
heat ; thin plates may be rendered quite brittle, whilst thick bars are 
often but slightly acted on, 

* i^. *■ _ » * "^ "^ 
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then the cap is allowed to rest between the bars : if tbo 
surface be unimpeded by this, the bars m m' may be brought 
very near each other. Things being thus disposed, the bars 
M h' are gradually withdrawn in oppositer directions, and 
immediately under the bar s n ; the result of which opera- 
tion is, on the principles already explained (17), that each 
half of the bar s n being acted on by opposite polarities, the 
two magnetic forces resident in it become separated ; the 
pole N of the bar m attracts all the south polarity and repels 
the north, whilst the pole s of the bar m' attracts all the north 
polarity and repels the south : hence a final and permanent 
magnetio state is imparted to the bar 8 n, the position of the 
poles 8 n being the reverse of the poles n s of the bars (17). 

Small needles will become magnetized to saturation by 
one operation of this kind performed on each of its surfSeK^es ; 
for larger bars, two or three or more repetitions are de- 
suable. This method is very effectual, especially for single 
bars, and there is not, perhaps, any better for certain pur- 
poses, even at the present day. 

92. After this method of Dr. Enight*s had become known 
and practised, M. Du Hamel, member of the Boyal Academy 
of Sciences at Fans, was led, about the year 1749, to a 
further and still more extensive application of it. Two bars, 
N s and T P| fig. 66, required to be magnetized, are laid on 

Fig. 66. 




a table parallol to each other, and their intended opposite 
poles united by pieces of soft iron, NT, s P, so as to form 
a closed rectangular parallelogram, as seen in the figure. 

F 2 
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The opposite polea w s of two powerful magnets A B, eitlier 
simple or compound, are then applied to the centre, c, of 
one of the bars n b, and drawn away from each other in 
opposite directions, C s, C S, being held all the while at an 
inclination of abont 4(f i this operation ia repeated several 
times ; the magneta a b are now either reversed, or their 
relative positions changed, by tniiiiDg them ronnd; they 
ore then applied in a similar way to the other bar p t, so as 
to bring the poles s n opposite to their former position : the 
same operation is now repeated on the bar t p, and this 
process is to be further repeated on each surface of the bara 
T p, N s, M. Du Hamel'a method is effective and expedi- 
tions ; the elementary forces resident in the bars being by 
the joint operation of the magnets easily separated (14), 
whilst the union of the opposite poles n t and 8 p, by soft 
iron, further tends to increase the effect, by holding together, 
as it were, the two separated magnetic elements, and thus 
allowing the exciting magnets A B to operate with more 
considerable effect. 

Bais of the horse-shoe form may be rendered magnetic in 
a similar way, by uniting their near extremities or intended 
poles with soft iron, and then drawing the magnets away 
from each other, commencing at the centre of the enrre, 
and terminating at each extremity, 

93. Mr, Michell of Cambridge, and Mr. Canton, in 1750 
or 1?51, still further advanced this department of practical 
magnetism. Michell employed a method which he desig- 
nated as ' the double touch.' Sereral bars, ab cd,&g. 67, 
Fig. 67. to bo magne- 

tized, are placed 
in one straight 
line, the in. 
tended opposite 

^_ - ^^ _:j: z ^— kP'^^'^'" extremi- 

a t. p c d ties being in 

contact : thus the north pole of the bar a is pla«ed in contact 
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with the intended south pole of the bar h, and so on : the 
bars being thus disposed, the opposite poles of two powerful 
magnets, a b, either single or compound, are placed about 
the centre of the series, the opposite poles beneath resting 
one on each side the centre p, whilst the distant opposite 
poles are joined by a piece of soft iron : the system thus 
formed is now moved backwards and forwards over the lino 
of bars from one end to the other, taking care (17) that the 
south pole of the system A 6 apphes to the intended opposite 
pole N of the series of bars s n, and reciprocally, the north 
pole to the intended opposite pole s : the operation is to bo 
repeated sevei*al times on each surface of the bars, and the 
system finally removed at the centre jp of the chain. By 
this operation, the centre bars h c will be found to have 
acquired a high magnetic development, the extreme bars 
a h not so high ; these are to be now shifted &om the ex- 
tremities to the centre, and to be replaced by the centre 
bars h c, when the same process is to be repeated. In this 
experiment, the extreme bars a d may be conceived to act 
as the connecting pieces of soft iron N t, s P, fig. 66, em- 
ployed by Du Hamel, and the magnetic elements become 
separated in precisely the same manner ; each polarity 8 p 
of the system A b repels one of the magnetic elements (14) 
and attracts the other, so that by the reciprocating recti- 
linear motion one polarity is determined in one direction, 
and the converse polarity in an opposite direction. On dis- 
locating the chains of bars, we find each bar a complete 
magnet. 

04. Soon after Michell published this method in 1750, 
Canton gave a process in which the methods of Michell and 
Du Hamel were combined. The bars to be magnetized 
were placed in series, as recommended by Michell, but 
arranged in two parallel lengths, with connecting pieces of 
soft iron, as in the rectangle of Du Hamel, fig. 66 ; they 
were then rendered magnetic by the double touch (93). 

95. ./Epinus adopted Pu Hamel's rectangle of single 
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bars, but closed the rectangle, fig. 60, with magnetized steel 
instead of soft iron, taking care to place the marked and 
unmarked poles next each other ; the bars were then rubbed 
by the method of the double touch prescribed by iMichell : 
instead, however, of resting the magnetizing system A b, 
fig. 67, upright on the bars, the magnets were inclined to 
each other at an angle of about 25°, after the manner of 
Du Hamel, as represented in fig. 66, the bars being drawn 
backwards and forwards together in the same direction. 

96. Coulomb was in the habit of magnetizing straight 
bars by resting the bar n s, fig. 68, on the polar Drojections 
s K of two powerful compound magnets (19) : in this posi- 
tion it was touched by two inclined systems or bundles of 

Fig. 68. 




bars, A B, as in the last method ; a small block of wood or 
metal, c, being placed between the opposed poles, and the 
operation always concluding at the centre c of the bar, 
care being taken to oppose the reverse polarities to each 
other (17). When the magnets or bundles of bars move 
together and in the same direction, we may with advan- 
tage substitute for the system A B, fig. 66, a powerful 
compound magnet of the horse-shoe form, as before ex- 
plained (20). 

97. A high magnetic development may be obtained in a 
series of straight bars, without the aid of powerful magnets, 
by a successive touching in combination one with the other. 
We are indebted to Mr. Canton for this process, which is 
as follows : 

Having a set of 12 bars, however slightly magnetic, two 
of the series s' n^ k s, fig. 69, are laid with reverse poles 
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parallel to eacli oilier, and the rectangle closed bj pieces of 
Bofb iron s h', n s', aboat one-half the length of the bars, 
and of the same breadth, as in the method of Da Hamel 
(92) ; the remaining 10 henca are separated into two com- 
bined Bjratems, A B, of 5 bars each, placed on one of the barB, 
s* s', mth their remote and opposite poles c in contact, and 
Fig, 69. 



their lower poles n e somewhat open. This arrangement 
being made, the bars s' n' and N s are mbbed with these 
systems in the way already described (93), and being thus 
strengthened by the united powers of all the rest, are now 
removed, and placed at the back of the others, a« at a b, 
whilst the two interior bars of each system, ce,cn, are with- 
drawn, and subjected to the same operation as the preced- 
ing ; in this way we continne to strengthen each pair of bars 
by the acquired power of those last touched, until the whole 
become magnetized to saturation. This process is very 
vselai when powerful magnets are not at hand ; for however 
weak may be the magnetic state of the bars, even althongh 
two of them only be slightly ma^etic, we may from these 
render the whole series very powerfdl. 

The combined systems A B may be temporarily bound 
together by a little common tape, and a small block of wood 
placed between them, so as to suppoH the whole in position 
during the process of magnetizing. 

98. All these various methods of magnetizing steel bars 
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by the influence of already existing magnets may be advan- 
tageously resolved into two simple processes, viz. the ori- 
ginal process of the single touch by Dr. Gowan Knight, 
fig. 65, and the method of the double touch by Michell, fig. 
67, but somewhat difierently applied. 

Scoresby, in his * Magnetical Investigations,' especially 
recommends Dr. Ejiight*s method (91) for magnetizing thin 
plates and bars up to the measure in length and bi*eadth of 
the magnets employed, and carries it out in the way first 
practised, that is, by placing the magnets under the bar to 
be magnetized as in ^g, 65, and not over it as in fig. GG, 
which is usually done. The following is Dr. Knight's pro- 
cess, as practised by Scoresby : 

Two powerful bar magnets, tempered and magnetic 
throughout, are placed in a straight line with their opposite 
poles near each other, as already shown, fig. 65 : the plate 
or bar to be magnetized is laid flat on the bars, extending 
equally over the surface of both. T\ie magnets are then 
drawn asunder in opposite directions under the plate, until the 
plate rests with its extremities in contact with the extreme 
poles of the two bars ; it is then slid off" sideways, removed 
to some distance, but still kept parallel to the bars, which 
are to be restored to their former position, and the plate 
replaced for a new operation. This process is repeated on 
each surface of the plate, after which it will be found mag- 
netized to saturation. A dozen plates or bars may be mag- 
netized in this way in a few minutes, and plates or bars, of 
16 inches to 2 feet in length up to a quarter of an inch 
thick, may be magnetized within a minute.* 

With a view to £Eu;ihtate the manipulation, the magnetic 
bars are placed on a flat board between two guides of wood, 
by which the line of direction is in the course of separation 
effectually preserved. A small pin is fixed in the middle of 
the groove formed by the guides, by which the poles of the 
opposed magnets are prevented from actually closing upon 
each other ; there are also two other pins at the extremity 

* * Hagnelical InTestigatioxun, ' chap. I. Part ii« 
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of the distance required to withdraw the magnets, adjusted 
to the length of the bar to be rendered magnetic, by which 
the further separation of the magnets is checked at tho 
instant required. 

99. To magnetize large bars in pairs, the process already 
described (20), fig. 11, will be found the most ready and 
efficient, the bars being arranged as in the process of Da 
Hamel and ^^pinus. This is unquestionably the best me- 
thod of applying Michell's double touch, care being taken 
to place the opposite poles next each other (17). 

Curved bars of the horse*shoe form are best treated also 
in pairS| as in the annexed figure 70, placing the opposite 

Fig. 70. 




or marked and trnmarked ends against each other : thus 
placed, a powerful compound magnet is then applied on the 
centre c of one of the curves, as in fig. 12, page 18, and 
glided quite round the whole circle until we arrive at the 
centre c again : this must be repeated several times, when 
the magnet is to be removed ; the curved bars are then to 
be turned over, and the process repeated on the opposite 
surfaces : to facilitate the manipulation, the bars may be 
confined to a flat board by small pins at c cf. This method 
is only an extension of that already given, page 17. Barlow 
adopts Canton's arrangement, already described (94), viz. 
the placing two lines of bars in series (93), and completing 
the rectangle with magnets or soft iron. A powerful com 
pound magnet is then glided round the whole series of bars 
after the manner just described. From 12 to 36 bars may 
be rendered magnetic in this way in about half an hour. 

100. Besides these direct methods, we have other pro- 
cesses for obtaining a magnetic development in steel and 
iron, of niuch practical importance. Marcel, so long since 

f3 
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OS tbe year 1722, observed that a bar of iron acquired a 
temporary magnetic state by position alone (12) ; and ho 
succeeded in imparting magnetism to a piece of hard steel 
placed on an anvil, merely by rubbing it with the lower 
end of a bar of iron about 33 inches long, set upright upon 
the steel. The temporary magnetic state thus induced by 
position in the iron bar is such that the lower extremity, 
in these latitudes, becomes a south pole, and the upper ex- 
tremity a north pole ; and the forces are much increased by 
placing the bar in the direction of the inclined needle (21) : 
in southern latitudes the reverse of this occurs — ^the lower 
extremity is then a north pole and the upper end a south 
pole. Mr. Canton, by an ingenious manipulation of this 
kind, succeeded in communicating a weak degree of mag- 
netism to steel by means of a common poker and a pair of 
tongs, and froi|i this magnetized his series of bars to satu- 
ration by the process we have described (97) : the bar to 
be rendered weakly magnetic was attached to the upper 
end of the poker by means of thread, and the whole placed 
in the direction of the dipping needle (21) ; whilst in this 
position the bar was repeatedly touched with the closed 
extremities of the tongs, carried from one end of the bar to 
the ofhcr, from below upward, the marked end of the bar 
being below, 

rirj. 71, 101. Savery, in 1730, suc- 

ceeded in magnetizing bars of 
hard steel f of an inch square 
and 16 inches long, by fitting 
an armature at each end of one of 
the bars, and touching the other 
bars with it whilst held in an in- 
clined position, as represented in 
the annexed figure 71. Savory's 
process was very ingenious, and 
is worthy of notice. Having fitted 
two small armatures of iron, e n^ 
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to one of the bars b, he held it in the magnetic meridian in the 
line of the inclined needle (21) ; then bringing a second bar 
A into a similar position with its marked end jp uppermost, ho 
brought the small armature 8 near its lower end ty and then 
proceeded to touch the bar throughout its length by gliding 
the armature 8 nearly to the end jp. This process being 
repeated several times, he proceeded to apply the opposite 
armature nm b» similar way to the extremity jp, and then 
to touch the bar a in the reverse direction. Having in this 
way developed a small degree of magnetism in the bar a, 
he removed the armatures from 6, and applied them to the 
weak magnetic bar a ; he then proceeded to touch b in a 
similar way, taking care to place the marked end of the 
bars uppermost. By an extension of this process in chang- 
ing the armatures from bar to bar, and touching the weak- 
est, he obtained a sufficient degree of power to lift a key 
weighing more than an ounce. From these bars he was 
enabled to magnetize several others by fixing them in series 
on a board with reciprocal poles one over the other (93), 
inclining the board in the direction of the dipping needle. 
In this position he touched the whole series as before with 
each of the armatures alternately applied, first in one direc- 
tion, then in the other ; and so by changing the touching 
bar &om time to time, as the series increased in strength, 
and allowing each bar to take up a new place, he at length 
obtained sufficient power to lift one bar with another at 
their opposite poles. The bars employed in this experi- 
ment were of hard steel, 16 inches long and f of an inch 
square, and weighed about 3 lbs. each. Michell, who 
adopted Savory's process, placed the steel bar A, ^g. 71, 
between two large bars of soft iron : by this the efiect 
appears to have been considerably increased. 

102. Another method of developing magnetism in steel 
bars, without the aid of common magnets, consists in sub- 
jecting the bar to sharp concussion. This principle was 
well known to Gilbert so long since as the year 1570, who 
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in Ilia celebrated work ' De Magnete ' represents a black- 
Bmith hammering a steel bar in the position of the inclined 
needle. Smiths' tools, snch as drills, broaches, &c., which 
have undergone pressure and motion, are generally mag- 
netic. When a steel punch is driven hard into iron, the 
punchis notunfrequentlyrendered magnetic by a single blow. 

In the 'Philosophical Transactions' for 1738 we find an 
account, by Desaguliers, of iron bars rendered magnetic by 
striking them sharply against the ground whilst in a vertical 
position, or otherwise striking them with a hammer when 
placed in a horizontal position at right angles to the mag- 
netic meridian. Such bars attract and repulse the poles of 
the needle. According to Du Faye, whose experiments are 
quoted, it is of no consequence how the bar is struck : all 
that is required is to impart to the bar a vibratory state 
whilst in a vertical position. 

103. Availing himself of these facts, Scoresby, after a 
farther and critical examination of the subject, succeeded 
in obtaining magnetic bars of extraordinary power by per- 
cussion. In the course of these inquiries, a considerable 
advantage was found to arise by striking the bar whilst 
resting in a vertical position upon a rod of iron. A cylin- 
drical bar of sofb steel 6^ inches long and ^ of an inch 
diameter, resting on stone and struck with a hammer 
weighing 12 ounces, could only be made to lift about 6^ 
grains ; whereas when resting on a bar of iron, and struck 
in a similar way, it lifted 88 grains. Scoresby, in develop- 
ing magnetism in this way by percussion, first struck a 
large iron bar in a vertical position, and then laid it on the 
ground with its acquired south pole towards the north ; he 
then proceeded to strike sharply with a hammer a soft 
steel bar 30 inches long and an inch square, resting verti- 
cally on the south pole of the iron bar. A second similar 
bar was treated in the same way ; then, placing one of these 
steel bars vertically, he proceeded to strike upon them, as 
supports, a series of flat bars of soft steel 8 inches long and 
^ an inch broad, and in a few minutes they had acquired a 
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considerable lifbing power. The series of bars, being now 
toached one with the other after the manner of Canton 
(97), became very soon magnetized to saturation : each pair 
readily lifted 8 onnces.* 

Dr. Scoresby observes that large iron and steel bars aro 
not absolutely requisite to the success of this process, com- 
mon pokers answering the purpose very well. 

104. The most powerful method of developing mag- 
netism in iron and steel, without the aid of ordinary mag- 
nets, is certainly by means of the electro-magnetic spiral 
(52), or by the transmission of electrical currents about the 
jsteel, in the way and on the principles before described (53). 

The kind of apparatus employed for this purpose consists 
of a stiff pasteboard tube, A t b, fig. 72, about 20 inches 
long and 2 inches Fig. 72, 

in diameter : a 
stout copper wire, 
c t Zf about ^ of 
an inch diameter, 
covered with silk 
thread, is coiled 
closely round this cylinder, terminating in two moveable 
jointed wires z c. The bar, n s, to be rendered magnetic is 
placed between two cores of soft iron N s, each about 8 
inches in length, and turned to fit the case A b, and the 
whole is placed within the spiral coil o t z. This being 
iU7ranged, contact is made between the terminating wires 
c z and the plates of four cells of Grove's powerful battery 
(47). Supposing the spiral coil to be direct (51), and the 
cufrent.to flow from c to ^, so as to descend the coils t next 
the observer, then the right-hand extremity n of the bar 
s N will become a north pole (52), 

By employing spiral coils of this kind, of sufficient mag- 
nitude, any steel bar may be at once magnetised to satura- 
tion: small bars and needles will at once receive a maximum 
degree of power. Bars of the horse-shoe form may bo 

* * Philosophical Transactions ' for 1822. ' 
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rendered mt^etic in a similar iray, by mndin^ a coil of 
covered copper wire round theni,&om end to end, and then 
subjecting the coil to contact mth the zinc and copper 
plates of a Toltaio circle (40). 

[The best way of magnetizing large steel bars by the 
Toltado current is that first published by M. P. Elias of 
Haarlem (' Phil. M^.' vol. xxv.). 

About 25 feet of well insulated copper wire are wound eo 
as to form a hollow, veiy short, but thick cylinder. (Pig. 
73.) A current from a strong voltaic pair is passed throagh 
the wire, and the steel bar to be magnetized is placed in the 
cylinder, in which it is moved np and down to the very ends. 



When the central portion of the Bt«elbaragainoccnpiesthe 
cylinder, the circuit is opened, and the bar, which is now 
perfectly magnetized, is withdrawn. 

When the bar ia curved in the form of a horse-shoe, it is 
well to close it with its keeper dnring magnetizing, and 
when a straight one, to provide it at the top and bottom 
with a piece of soft iron. ] 

105. A temporary elcctro-ma^et of soft iron rod (53) 
may be advantngeoosly employed as a means of touching 
steel bare. In fiiot, when the arrangement is of some con- 
siderable extent, nothing can resist it ; small needles and 
bars will become magnetized to saturation by mere contact 
with its poles. If the system be fixed and onwieldy, with 
the polea uppermost, means must be devised to more the 
bars npon or very near the poles, according to any of 
the processes before given, which may be done without 
any great mechanical difficulty by securing the bars to a 
flat board, of snfGcient extent to fix them in position ; for 
example, according to the methods of Da Hamel, Miohell, 
JSpinns, and Coslomb (02 to 96). 
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In smaller electro-magnets (53), we may, by monnting 
the system on a liglit wheel-carnage, together with the vol- 
taic circle (47), proceed to employ the poles of the magnet 
throngh the platform beneath, in the same way as those of 
the common horse-shoe magnet (20), the whole being made 
moveable over the bars. It will be convenient, in this case, 
to support the electro-magnet on a central standard, with a 
screw for elevating or depressing it by a small quantity, and 
80 adjusting the poles to the surface of the bars beneath. 

106. Compound Artificial Magnets, — These, as we havo 
seen (19), consist of many single magnetic bars, either 
straight or curved, united together in series or bundles, the 
similar poles being all laid together, so as to obtain as far 
as possible the accumulated force of the whole. There are 
several methods of associating and arranging magnetic bars 
in fasciculi or other forms of union. 

The first of these claiming especial notice are the methods 
of Coulomb and Biot. The compound magnets of Coulomb 
consisted of moveable and fixed bundles of straight bars, such 
as are represented in the annexed figures, in which ^g, 74i re« 
presents a small Fig. 74. 

moveable com- 
bination, and fig. 





75 a massive or n|^ 
stationary com- 
bination. ^^«- ^^• 

The small or moveable bundle, fig. 74, consists of four mag- 
netic bars, from 16 to 16 inches in length, '6 of an inch wide 
and *2 thick ; these having been tempered at a cherry-red 
heat, were united at each extremity, n s, fig. 75, upon a 
small rectangular parallelepiped of very soft iron, a h, and 
in pairs of two bars each, superposed one upon the other, 
and placed side by side, so that the resulting bundle was 16 
inches long, about IJ inch wide, and something less than 
half an inch thick, allowing for the intervening iron arma- 
ture. The whole bundle is held together by bands of br*" 
or copper, as \tn.c 5, fig. 74, 
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The siationary or fixed bundles, fig. 75, consisted of ten 
magnetic bars, about 21 inches in length, and of the same 
breadth and thickness as the former : these ten bars were 
disposed in two layers, or beds, of five bars each, placed side 
by side, and superposed upon an intermediate armature of 
rectangular parallelepipeds of soft iron, which, projecting 
from between the layers of bars, as represented at n s, fig. 75, 
concentrate the attractive force, and form the armature and 
poles. The whole is held together by metallic bands, as in 
the former case. 

Coulomb employed these fixed and moveable bundles in 
magnetizing bars of steel, as already described (96), fig. 68. 
With an apparatus of this kind, consisting of two separate 
magazines, each weighing about 20 lbs., and placed with their 
poles reversed, as represented fig. 66 (92), 100 lbs. is re- 
quired to separate the keepers n t, p s, joining the opposite 
poles, and a common needle is magnetized to saturation by 
mere contact with either of the two projecting armatures. 

107. M. Biot forms the armour of several plates of soft 
iron, which cover the elementary plates for some distance 
within their extremities, and terminate without in a tra- 
pezoidal form, the whole armature constituting one common 
mass, into which the bars are inserted. 

Such combinations of bars in fixed and moveable bundles 
may be'extended to other forms and numbers with advantage : 
small bundles of six or eight bars, united about a projecting 
hexagonal or octagonal armature of soft iron at each end, 
form very convenient and available arrangements for general 
experiment. These combinations of several bars may be 
either bound together by metallic bands, as represented in 
fig. 74, or they may be united by screws passing through 
the bundles, the bars heing previously drilled and fitted 
together for that purpose. 

108. In combinations of bars of the horse-shoe form, re- 
presented in ia.g. 10, p. 16, and which for general purposes 
are the most convenient and perfect of any^ the iron arma« 
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tares are seldom applied ; the separate pieces are screwed 
together at the centre, and a little within the poles, by 
means of holes drilled through the bars. The extremities 
or poles are rubbed to a perfectly even surface. Sometimes 
the successive bars, both in straight and curved magnets, 
are made to recede and back up the central piece on each 
side, like steps, leaving the poles of the central piece to 
project alone, as represented in fig. 9, p. 16. 

A compound magnet of the horse-shoe form, consisting of 
six bars from 2 feet to 30 inches long, '8 of an inch wide 
and '4 thick, and bent with a free curvature, so as to give a 
length of 10 or 12 inches from the shoulder to the pole on 
each side, will be fonnd, when accurately fitted and screwed 
firmly together, and the polar surfaces rendered smooth 
and parallel, an extremely powerful combination. The 
curvature and form should be such as to give about 7 inches 
across at the shoulder, and allow of the polar extremities 
coming withui an inch of each other. 

Professor Barlow employed twelve bars, of about 15 inches 
in length, 1 inch wide at the centre, diminishing to J of 
an inch at the extremities, and ^ of an inch thick ; these 
were bent into the horse-shoe form, so as to give each side 
a length of about 6 inches. The bars were accurately filed, 
drilled, and fitted together, previously to being hardened 
and magnetized, and the extremities finally rubbed down 
with putty-powder. This combination sustained from the 
hook of the keeper .40 lbs. Professor Barlow found, how- 
ever, that a greater proportionate power might be obtained 
by means of bars of a greater length or less proportionate 
width. 

A very manageable and efficient compound magnet of the 
horse-shoe form may be derived by the employment of ten 
steel bars, each 25 inches in length, -^^ wide, and -j^ of 
an inch thick, bent so as to bring the poles within -^^ 
of an inch of each other, the curvature being such as to 
give a length of about 10 inches in a vertical line from the 
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surface of the keeper to the extremity of the centre of the 
curvature, which will be found to give a width of about 4^ 
inches between the shoulders of the magnet. 

The most powerfiil magnet of the horse-shoe form as yet 
produced was exhibited by Dr. Faraday at a meeting of the 
Royal Institution, in May, 1850. This magnet, although 
not weighing above 1 lb. avoirdupois, could sustain 26 lbs. 
suspended from the keeper. The power of one pole alone 
was such as to sustain an iron cylinder equal to the weight 
of the magnet, being at least twice the sustaining power 
expressed by Haecker's formula for magnets of this kind. 

The bar constituting this magnet is about a foot in 
length, 1 inch wide, and three-tenths thick ; the opening 
between the poles is about an inch, and the length of the 
axis within nearly 5 inches. The steel is not perfectly 
hard, but may be marked with a file.; the face of the polar 
surface is gi*ound very flat and fair, and the keeper very 
closely fitted. 

This magnet was made by Logeman, of Haarlem, after 
the process of Mr. Elias. 

109. It is quite essential in every magnetic combination, 
if we wish to preserve the accumulated force, that the bars 
or compound magnets be laid with their respective poles 
reverse to each other and united by soft iron keepers, as 
represented in fig. 66 (92). In the horse-shoe magnet 
the opposed poles are accurately placed by construction ; 
it is only necessary in this case to apply the soft iron 
keeper. 

The magnetic power of a single bar or needle will be 
eflfectually and best preserved by placing it in grooved rests 
of soft iron, fixed to the end of a light ironj)late about the 
same width as the bar 5 it is thus retained in position and 
effectually preserved. 

Sets of straight bars to be employed for general experi- 
mental purposes are usually laid together with reversed 
poles between small cheeks, fixed in a frame or neat wood 
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tray, lined with red or blue cloth ; a short bar of soft iron 
being placed directly across the dissimilai poles at each 
end, so as to effectually tie them together magnetically. 

A set of eight or ten bars from 9 to 10 inches in length, 
I of an inch -wide, and ^ of an inch thick, will be found rery 
useful in magnetic researches. Mr. Canton employed 
smaller bars, in sets of twelve ; these were 5^ inches in 
length, ^ an inch wide, and ^\ of an inch thick. 

110. In combining mlmy bars, either siaraight or curved, 
so as to produce accumulative power, we are met by a 
somewhat serious inconvenience ; the mutual repulsion of 
the similar poles is such that when many bars are set 
closely together, the proportionate power of the mass as a 
whole becomes greatly weakened, whilst the magnetism of 
many of the bars is not only very frequently destroyed, but 
their polarities become reversed. Scoresby has also fully 
investigated this question in his ' Magnetic Investigations,' 
and from these we derive the following results': 

Any single bar or plate has more proportionate magnetio 
power than two such bars or plates conjoined. 

A combination of bars or plates is always more powerful 
than any single bar containing the same quantity of steel 
in mass. 

The (ibsohde gam of power by each additional bar 
diminishes progressively, and hence a limit is attained to 
the extent of the combination. 

111. With a view of avoiding the deterioration in mag- 
netic power, frt)m the repulsion of the similar poles on each 
other, Scoresby was led, in compound magnets, to interpose 
discs of wood, cardboard, or some non-magnetic substance, 
between the extremities of the bars, so as to keep them out 
of any very close contact : by this arrangement the ac- 
cumulated power became more fully obtained. When 30 
plates of tempered cast steel, 2 feet long, 1^ inch wide, and 
about -y^y of an inch thick, were fully magnetized, and 
combined and separated by ^inch spaces, the resulting 
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compound magnet had at least twice tho magnetic energy 
which the same plates exhibited in contact. 

112. The most favourable conditions for the construction 
of compound magnets are, a similarity of quality and form 
in the steel, both as to mass and dimensions, and a simi- 
larity also in temper : the spacing out or separation of the 
similar poles by a disc of some intervening non-magnetic 
substance, and the employment of comparatively thin plates 
at a high temper, which last appears essential to retentive 
power, is likewise requisite. Scoresby found that in the 
construction of a compound magnet of thin plates of steel 
busk, or other steel plates of commerce, at a spring temper 
(86), the accumulated power very soon approached a 
maximum, so that not above 24 plates, in sets from 15 
inches to 2 feet in length and -^j^ of an inch thick, could 
be usefully combined ; whereas, with the same plates ren- 
dered very hard, above 192 plates might be effectually 
combined, and with a result exceeding by five or six times 
the combined power of thicker bars commonly employed 
for. compound magnets. 

The temperament of bars, however, for combinations of 
the horse- shoe form, appears to admit of considerable 
variation from that of combinations of the straight bar form. 
In fact, the annealing or tempering, which appears to 
detract from the combined energy of plates or straight 
bars improves, up to a certain extent, the combination of 
curved bars: this may probably arise from the circum- 
stance of the proximate position of the opposite poles, by 
which the deterioration of the similar poles by their near 
contact is to a certain extent parried, the opposite elements^ 
tending to strengthen each other. 

113. Magnetic powers of cast iron, — The fusion and 
running of iron into various forms, especially thin bars and 
plates, by which it is exposed to a greater or less degree of 
carbonisation and a rapid cooling, may be considered fa- 
vourable to the retention of magnetic energy. It is hence 
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fonnd not ill adapted to the pnrpose of artificial magnets, 
although far beneath the. powers of properly tempered steel. 
Cast iron may, in fact, be considered in its magnetic con- 
ditions as intermediate between steel and common soft iron: 
when cast into hard thin bars or plates, it is capable of 
receiving a high magnetic condition, and it may conse- 
quently be advantageously employed for permanent mag- 
nets, especially in cases in which economy is an object, the 
expense of cast-iron plates being extremely small as com- 
pared with plates of the best steel. Iron of the very best 
quality appears to possess the greatest retentive power. 

114. Magnetic Machines, — When a very extended series 
of magnetic bars are associated together systematically, in 
such a way as to constitute one great and massive whole, 
such a combination has been termed more especially a 
magnetic machine. The celebrated Dr. Gowan Knight, 
F.B.S., first originated a machine of this kind, his object 
being an immediate and intense development of power in 
steel needles by a simple contact with the poles of such an 
instrument. Dr. Knight's machine was constructed about 
the middle of the last century. It consisted of two great 
magazines, A b, fig. 76, comprising in all 480 bars, each bar 
15 inches in length, 1 inch wide, and ^ an inch thick : 
these bars were disposed, in the respective parts A B, in 
four lengths, ah^hc^cd, d e; these were made up of GO 
bars, arraoged in 6 beds or courses of 10 bars each, set 
edgewise, so that he had in breadth 10 bars and in depth 
6 bars — ^in all, GO bars. This, repeated through a 2>, & c, 
c df &c., gave a total of 240. All the north poles wero 
turned the same way ; the dissimilar poles, therefore, were 
brought into contact ; and in order to press the joints of the 
bars closely together, an iron plate was placed over tlie ends 
of the system, as at p n, perforated with 60 holes for screws ; 
the screws could be turned up against each respective length 
of bars, the plates being held together by the braces D P, 
DK» The buts or joints at a & c e^fell under brass braceS| 
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whidi admiirted of being set tight upon the bars by binding* lin 
screws. Finally, two thick plates or armatures of iron FN 'i^ 

km 



Fig. 76. 




wore placed over the ends of the poles of the series ; and 
thus the whole became bound firmly together, forming one 
great magnetic combination. 

As each of these magazines A b weighed 500 lbs., it 
became requisite to mount them in such a way as to admit 
of their being easily handled and placed in any position 
relative to each other. To effect this, each magazine waa 
placed on a stout mahogany board, b t, moveable on central 
gudgeons at d upon two vertical standards, made to turn 
on an axis, like the trunnions of a cannon, and remain 
easily in any position : to assist this operation, a strong 
semicircular piece of mahogany was fixed to the plank b t, 
so as to revolve between the standards, as indicated in the 
figure. The two magazines, thus mounted, were finally 
set on four wheels, by which they could be readily moved 
into any required position. 

A small bar of hard steel, N p, placed between the oppo- 
site poles N p of the nmgazines, became instantly magnetio. 
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This maddne is still in the possession of the Bojal Society, 
but has evidently nndergone some subsequent changes ; 
the magazines are now enclosed in cases of wood, famished 
with pfiojecting armatures of solid parallelopipeds of iron 1 
foot high and 2 inches wide : the internal construction, 
however, remains apparently unchanged. 

The power of such large combinations of artificial mag- 
nets is not found, for the reasons abeady given (110), 
commensurate to the extent of the system. We have not 
any authentic record of the actual power of Dr. Knight's 
machine in his time. Faraday tried it, however, in its 
present state, about the year 1830, and found that when a 
soft iron cylinder 1 foot long and f of an inch in diameter 
was placed across the dissimilar poles of the two magazines, 
it required a force of about 100 lbs. to break down the 
attractive power. 

115. There does not appear to be any common standard 
of reference for the comparative weights and lifting power 
of artificial magnets, the supporting powers of some mag- 
nets, as regards the weight of steel, being much grejiter 
than others. Haecker, who carefully investigated this 
question, gives, however, for the sustaining power of arfci. 
ficial magnetSy the following formula :— 

§W X 10-233. 
That is to say, the cube root of the square of the weight, 
multiplied by a certain constant. This comes near the 
general experimental result. In the case, however, of the 
magnet before described (108), Haecker's formula was 
greatly exceeded. 

INSTEUMENTS FOR INDICATING THE PRESENCE AND DETERMINING 
THE POLARITY OP MAGNETIC FORCES, AND MEASURING THEIR 
QUANTITATIVE POWER UNDER VARIOUS CONDITIONS. 

116. Instruments for indicating the mere presence of 
magnetic force, and determining its peculiar polariiy, may 
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bo termed, as before observed (80), magnetoscopes : those 
for its quantitative measurement, under various conditions, 
may be considered as magnetometers, 

Magnetoscopes generally consist of light bars or needles, 
either suspended by a delicate flexible thread, or attached 
to an agate or metallic cap, and set on a fine central poin^« 
Of these two forms of suspension, the fllar suspension is 
unquestionably the most sensitive. The Bev. A. Bennet, 
P.RS., employed filaments of a spider's web, which proved 
so extremely delicate that two small pieces of straw, placed 
at right angles to each other, in the form of the letter T 
inverted, would, when thus suspended under a closed 
receiver, turn toward a person coming within 3 feet of the 
glass, and would move so decidedly toward wires merely 
heated by the hand, as much to resemble magnetic attrac- 
tion. A fine and weakly magnetic steel wire, suspended 
from a spider's thread of 3 in. in length, would admit of 
being twisted round 18,000 times, and yet continue to point 
accurately in the meridian — ^so little was the thread sensible 
of torsion.* 

117. The suspension of magnetic needles, however, by 
so fragile a thread requires a somewhat dexterous and 
practised hand. Mr. Bennet was in the habit of catching 
the thread between the expanded branches of a forked 
twig, and then fixing it to the needle and to the wire of 
suspension by means of a little quick-drying glutinous 
varnish. A more generally applicable method, however, is 
to lay each end of the thread, whilst on the fork, across a 
thin slip of paper, having previously smeared the paper 
with a little quick-drying cement of any kind. We thus 
provide for a ready intermediate attachment of the thread| 
both to the needle and point of suspension. 

An extremely light suspension, not so difficult as the 
former, consists of a single filament from the thread of the 
silkworm : this may be managed in a similar way. For 

• « PhiL Trans.' for 1792, p. 80. 
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less refined purposes coarser filaments may be employed, 
and their ends, by a little practice, easily tied into loops. 
Wo may also employ occasionally filaments of very fine 
fiaz, cotton, and the human hair. 

118. In many cases it is desirable to terminate the ez« 
tremities of the snspension in smaU open loops : such loops 
may consist of slight sewing silk, waxed, and secured by 
paste or some other cement, to the paper slips, the paper 
coming between the extremities of the silk : the ends of 
the silk maybe touched with a little common varnish, glue, 
or gum, and pressed between forceps close to the paper. 
Loops of thin silver or copper wire, flattened at their ends, 
may be affixed to the paper in a similar way. These loops 
admit of further attachment to magnetic bars or needles, 
and to a point of suspension by intermediate light double 
hooks of fine wire. A variety of extemporaneous methods, 
however, will occur to the experimentalist whilst engaged 
in this kind of manipulation : needles may occasionally be 
fixed to a thread of suspension by a direct application of 
the thread to the needle by a little easy cement, such as 
bees'-wax. 

119. A small stirrup, formed by a light plate of copper 
or silver, has been sometimes attached to the lower ex- 
tremity of a suspension thread, for the reception and 
retention of any needle or bar we desire to employ : this 
method was adopted by Coulomb. It is, however, gene- 
rally more accurate to fix the thread to the centre of the 
needle itself. Light needles or bars are best managed in 
the folloYring way : Let a very fine central vertical hole 
be drilled through the edge of the bai- into a hole drilled 
transversely to the bar, and passing also through the centre, 
as before described (21) ; the bight of a fine silk loop may 
then be readily passed up through the central vertical hole, 
and secured within the bar by a common knot. We may 
now suspend the bar &om the loop of the suspension thread 
by an intermediate small double hook, 
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The annexed figure, 11^ represents a light bar thus sus- 
pended, in which a c is 
^' * thethreadofsuspension, 

and c the double hook 
connecting the loops of 
the thread and bar. 
Very small double me- 
tallic forceps, with com- 
pressing nngs, or a cleft 
wire or piece of wood, 
will be sometimes useful 
in suspending magnetic 
bars and needles: in 
this case the small pa- 
per slips terminating the 

11 n suspension are placed 

between the forceps. 
Everything, however, connected with the suspension should 
be as light and delicate as it is possible. Small suspension 
hooks are easily turned up &om fine copper or silver wire 
by means of round forceps. 

120. The nsual method of suspension on a fine central 
point is by means of an agate or metal cap, secured to the 
centre of the bar or needle. In applying these caps for 
refined purposes, a hole should be drilled through the 
needlo or bar, which, if required, may be flattened out at 
the centre, and an agate cap, or a small &agment of flint, 
secured directly over it by a little cement of shell lao. 
Where the size of the bar admits, the agate may be mounted 
in a ring of brass or silver, and screwed into the needle, 
the needle being duly formed and prepared at its centre for 
receiving it. Caps of hard metal may be soldered to small 
needles or bars, or otherwise applied in a similar way, by 
insertion into the bar itself. 

When needles are employed extremely slight and thin, 
they may be curved in the middle, as in figure 78, and then 





HABBIS'S MAGNETOSGOPE. 123 

moimted on a hard centre c of glass, flint, agate, or metal, 
by means of a descending 
fine point v, soldered or 
otherwise attached to the '■■^ - - 
vertex of the curved por- 
tion, and so as to bring the centre of gravily of the ^stem 
just beneath the point of suspension. 

121. The Chinese have a very ingenious method of sus- 
pending a magnetic needle, which is at once deHcate and 
effective. A small bent slip of brass, 

dcBf fig. 79, carrying a light ring at ^ ^g' 

its vertex c, is attached to a small 
conical cap d e, made of very hard 
metal: the legs cd and ce of the brass project a little 
beneath the cap, and are secured to the cap by fine holes 
drilled through its sides^ The needle, nce^ to be sus- 
pended, and which is seldom more than an inch in length 
and ^th of an inch in diameter, is secured in the ring c, 
and the whole mounted on a fine point of support. 

In this arrangement, notwithstanding that the needle is 
above the point of suspension, yet the centre of gravity of 
the three parts of the system, viz. noa^dce^ and d 6, falls 
below that point. 

122. Magnetoscope of simple suajpenaion, — This consists of 
a short fine magnetic needle, from ^ an inch to 1 inch in 
length, and from -^th to -^^th of an inch in diameter : it 
may be made of good pianoforte wire, brought to a spring 
temper. The north side of it should be coloured with a 
little vermilion. It may be suspended by any of the 
methods just described, and placed within a common lamp- 
glass, to shield it from currents of air. If the filar sus- 
pension be employed (116), the filament maybe about 4 
inches in length, and should be attached to a metallic rod, 
moveable with friction through a stopper of fine cork fitted 
in the upper end of the glass, so as to admit of being 
raised or depressed through a given space, as shown in 

a 2 
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the annexed figure 80. Bennet's magnetoscope, witli tlie 
Fiff 80 spi^^r's web suspension, may be managed in this 
way. 

These simple instmments are very applicable to 
experiments on induction, such as already de- 
scribed (33 and 57), and in which the play of the 
needle should be sensible and manifest. 

Magnetoscope needles of greater length and 
magnitude should be similarly treated, using larger 
filaments when requisite. If the exhibition of 
attractive force, without the interference of po- 
larity, be required, soft iron needles may be sub- 
stituted for the magnetic needles, as in the cases 
alluded to. (57.) 
Wheatstone's method of exhibiting small forces by means 
of short steel needles standing in an erect position on the 
pole of a powerful magnet (55), constitutes a very delicate 
form of magnetoscope, especially available in certain in- 
vestigations. 

The arrangements represented in figures 87 and 38, p. 46, 
may be considered as magnetoscopes of a peculiar kind, 
applicable to the combined operations of magnetism and 
Voltaic electricity. 

MAGNETOMETERS. 

123. The quantitative measurement of magnetic forces 
may be either direct applications of equivalent weight, or 
any species of equivalent reactive power, as in the reactive 
force of torsion ; or may consist of indirect determinations 
of force, through the medium of certain relative efiects, 
as in the amount of deviation of a suspended magnetic 
needle from its line of direction by the influence of a magnet 
placed at a given distance from the needle. 

124. Scale-heam Magnetometer. — The common scale-beam 
has been occasionally applied to the measurement of mag- 
netic forces. A small cylinder of iron or a magnet is to be 
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snspended from one arm of the beam, and counterpoised by 
weights in a scale-pan suspended on the opposite arm. The 
beam being sustained ou any convenient support in the 
usual way, a second magnet or iron is placed on the table, 
immediately under this, and the attractiye force at any 
given measured distance is estimated by additional weights 
placed in the scale-pan. 

Much care is requisite in effecting this experiment. The 
beam should not be allowed any very considerable play, but 
be limited in its motions by two vertical forked stops, one 
xmder each arm. If the beam, with a given added weight 
in the scale-pan, be overset by the attractive force, and rest 
on the stop, we may either increase the distance of the 
attracting bodies, or increase the weight, so as just to catch 
the instant of the balance of the force. Or, supposing a 
given added weight in tiie scale-pan, we may continue to 
approximate a magnet toward the suspended iron or other 
magnet over a divided scale of distance, and catch the point 
at which the beam turns. 

The bent lever, or any self-adjusting balance, maybe also 
employed in a similar way to the measurement of magnetic 
force. 

Of this class of magnetometer the simple contrivance re- 
presented in figure 29 (37) is perhaps the best adapted to 
refined investigations, being at the same time very appli- 
cable to the exhibition of elementary magnetic phenomena, 
especially the phenomena of induction. We have only to 
find by small weights placed on the suspended cylinder n 
the value of the degrees of inclination of the beam, and we 
may refer the force in operation to a fixed standard of 
weight. The range, however, is liniited to the degree of 
inclination which the beam can support without oversetting. 

125. The Hy&rosiaUo Magnetometer, — ^This instrument, 
shown in its general form in fig. 82, and partially explained 
in the annexed and following figures, is of such convenient 
and universal application to the measurement and exhibition 
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of elementaiT magnetio phenomena and forces, tbat a par- 
ticular description of it appears essential. 

A light grooved wheel, w, fig. 81, about 2 inches in 
diameter, being aocnratel; poised on a firm axis, m n, is 
mounted on the smooth circnmferencea of two similar . 
_. ei wheels, m w, m «>'. The extremities 

' of the axis m n are tamed down to 

fine long pivots, and whilst resting on 
the fnctdon-wbeels m w, n w", pass 
out at m u, between other small check- 
wheels, two at each extremity of (he 
axis, BO that the wheel w cannot fkll 
to either side : great fireedom of mo- 
tion is thns obtained. These fHction 
and check-wheels are eet on points 
or pivots in light frames of brass, and 
the whole is supported on short pillars 
screwed to a horizontal plate or 
stage, as shown in A B, fig. 82. The 
stage is sustained on a vertical column, 
A B, fixed to an elliptical base of maho- 
gany, E, supported on three levelling 
screws. 
There is a short pin A, fig, 81, fixed in the circmnference 
of the wheel w, to receive an index of light reed, cut to a 
point, and moveable over a gradnated arc m n, placed 
behind the wheel, as represented in fig. 82 ; the weight 
of this index is balanced by a small globular mass d, 
moveable an a screw in the opposite point of the circum- 
ference ; 80 that the wheel alone with the index would rest 
in any position, or nearly so. The arc u n is a quadrant 
divided into 180 parts — 90 in the direction I M, and 90 
in the direction i n, the centre being marked zero. Two 
fine holes are drilled through the wheel, one on each side 
of the point A, for receiving and securing two silk lines, 
(0 v/ 1 these linea paas over the drcnmference on opposite 



IIAIiRIS*S HYDROSTATIC MAGNETOMETEE. 127 

arms of the wheel, and terminate in small hooks, t and w. 
A cylinder of soft iron t, or a small magnet, rather less 
than 2 inches in length and ^ of an inch in diameter, is 
suspended by a silk loop from one of these lines, ic;', and 
a cylindrical counterpoise of wood, a u, weighted at u^ and 
partly immersed in water, is hung in like manneir from the 
other line, w. The weights, and altitude of the water, and 
of the vessel q containing it, are so adjusted, that when 
the whole system is in equilibrio, the index & o is at zero of 
the arc M N, With a view to a perfect adjustment of the 
index, the water-vessel q is supported in a ring of brass at 
the extremity of a rod q, moveable in a tube A?, fig. 82 : 
this tube is attached to a sliding-piece h It, acted on by a 
milled head at h and a screw within the cylinder, which is 
fixed to the stage a b — so that the water-vessel may be 
easily raised or depressed by a small quantity, and thus 
the index be regulated to zero of the arc with the greatest 
precision ; for it is evident, by the construction of the 
instrument, that the position of the index will depend on 
the greater or less immersion of the cylindrical counter- 
poise a u, the weight of which being once ac^usted to a 
given line of immersion, and a given position of the wheel 
w and index o, any elevation or depression of the water- 
vessel q must necessarily move the wheel. The counter- 
poise auiB about 1^ inch in length and full '3 of an inch 
in diameter : a small ball of lead is attached to its lowest 
part, in order to give it a sufficient immersion, and at the 
same time balance the iron cylinder t when the float is 
about half immersed in the water. With a view to a final 
regulation of the weight, a small hemispherical cup a is 
fixed on the head of the counterpoise for the reception of 
any ftirther small weights required. This counterpoise is 
accurately turned out of fine-grained mahogany, and is 
freed from grease or varnish of any kind, so as to admit of 
its becoming easily wetted in the water. 
The column a e supporting the stage a b consists of two 
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tubes of brass, one, a, moveable within the other, e c, so 
that by a rack on the sKding tube o, and a pinion on the 
fixed tube at c, tlie whole of the parts just described may 
be raised or lowered through given distances, as shown by 
a divided scale o, adjustable^ to any point by means of a 
/slide and groove in the moveable tube a. The brass tubes 
composing the column are each about a foot in length and 
an inch in diameter. 

126, It will be immediately perceived, from the general 
construction of this instrument, that if any force cause the 
cylinder t to descend, then the index h o will move forward 
in the direction o N, until such a portion of the counterpoise 
a u rises out of the water as is sufficient to furnish, in the 
fluid it ceases to displace, an equal and contrary force. In 
like manner, if any force cause the cylinder t to ascend, 
then we have the reverse of this — the counterpoise obtains 
an equivalent increased emersion, and the index moves in 
the opposite direction, o M. Thus if we place a weight of 
1 grain, for example, on the iron cylinder t^ the index will 
indicate, in the direction o n, a given number of degrees 
equal to a force of 1 grain. If we double this weight, we 
obtain a force of 2 grains, and so on. The converse of this 
arises on placing the weights in the cup of the counterpoise 
a u. "We may thus reduce the indications to a known 
standard of weight. It is further evident, that, whether 
we operate on the system by gravity or by the attractive or 
repulsive force of a magnet, the indications of force are 
equally true. 

If the instrument be well constructed, and the counter- 
poise freely wetted in the water, the march of the index in 
either of the directions o N or o m will correspond to the 
added weights. Thus, if 1 grain gives 3 degrees, 2 grains 
will give 6 degrees, and so on. And thus we obtain a con- 
tinual and known measure of the force we seek to examine, 
within a given range of degrees of the arc, which will be 
more or less extensive according to the dimensions of the 

q3 
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cylindrical counterpoise, the intensity of the force, and the 
rate of its increase. When we require to examine very 
powerful forces, or forces operating on the suspended iron 
t at small distances, it is requisite to increase the size of 
the counterpoise float, the indications of which we may 
always find the value of in grains, as before. 

Previously to suspending the cylindrical counterpoise a u, 
the iron cylinder t should be placed in equilibrio pn the 
wheel w, with an equal and opposite weight, as previously 
determined by an accurate scale-beam, in order to observe 
if, when loaded with the whole, the wheel w and index are 
indifferent as to position on any part of the arc, or nearly 
so. The instrument will be suifficiently dehcate, if, when 
loaded in this way with 350 grains, it is set in motion by 
something more than ^ a grain added to either side. 

In order to retain the wheel w, figs. 81 and 82, in its 
position at the time of removing either of the suspended 
bodies, a small brass prong is inserted at h into the arms of 
the circular segment M N, so as to enclose the pin h carry- 
ing the index : the wheel is thus prevented from falling to 
either side. 

127. The forces requiring to be measured are brought to 
operate on the suspended cylinder t through the medium of 
induction on soft iron, or by a magnetic bar placed imme- 
diately under it, either vertically or horizontally. In the 
vertical arrangement, shown in fig. 82, the magnet or 
iron is fixed against a graduated scale s, by which the 
distance between the attracting surfaces or bodies is esti- 
mated. This scale, together with the magnet H, is secured 
by light bands, s, of brass, united by a rod d k. The lower 
band and rod d are both fixed to a stage d, moveable be- 
tween guide-pieces, and acted on through a nut at ^ by a 
vertical screw, p g, about 6 inches in length and % of an 
inch in diameter ; so that the whole may be raised or de- 
pressed, and hence the suspended cylinder and magnet 
placed at any reqxdred distance apart. The regulation of 
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tliis important element in tho operation of magnetic forces 
is hence provided for in two -ways, viz. by the rack at and 
the milled head at p, either of which may be employed, aa 
found most convenient. The scale s ia of box-wood, 1 foot 
in length, ^ of an inch wide, and ^ of an inch thick : it is 
divided into inches, subdivided into tenths and twentieths 
of an inch. Abont G inches of the npper part is divided in 
this way, viz. 3 inches on each aide of a central division, 
which is marked zero ; the rest of the piece extends to the 
stage D. The magnetic bar h is tied to the scale by com- 
pressing screws and simple brass bands, cither fised, as at d 
and E, or moveable, as at h. This adjnsting apparatas is 
secnred to a stout brass plate k, fitted by a dovetail into a 
sliding-piece v, forming part of the mahogany stand e, ed 
that it may be removed at pleasnre. The brass bands and 
frames at D H k are sufficiently capaoions to oncbse two 
bars together if reqoired, the superabundant space being 
filled, when only one magnet is employed, either by a bar o( 
wood or small wedge-piecea in the brass frames. 

128. When we require to examine fig' 83. 

the fiirces in different points of a 
moderate sized magnetic bar, as ex- 
emplified in Kxp. 11, page 22, tho 
bar is laid in a small frame-piece t v, 
fig. 83, temporarily fixed by a com- 
pressing screw to the divided scale S, 
in the way already described, the 
force on the suspended cylinder t 
being caused to operate through a 
small cylinder of soft iron d, accu- 
rately fitt«d to the surface of the bar ; 
and thus, by sliding the bar along in 
the holding frame, we may get, &p- 
proximatively, by induction on tho 
iron d, the force of any point in tho 
bar. 
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When the bar is of considerable magnitude and weight, 
or we req[aire to examine inductive forces, such as in Ex- 
Fig. 84. 





'^^^ 



periments 19, 22, 23 (pages 30, 33, 34), the magnets may 
bo placed on a narrow table, a &, fig. 84, supported on a 
central square pillar p, fitted to the frame-pieces, k p, of 



Fig. 85. 
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the adjusting apparatus already described 
(128), so that the whole may bo raised or 
depressed through any given distance. 
In this case the divided scale s, fig. 84, 
which measures the distance a between the 
attracting or repelling surfaces, is a de- 
tached piece fixed against one of the per- 
pendicular sides of a right-angled triangle, 
BO as to be anywhere placed npright on the 
bar : the table a b also has a divided scale 8, 
moveable in a wide groove through its cen- 
tre, by which any distance, 8, between mag- 
netic masses may be also shown. When 
the bars are very ponderous, two supports 
re required, one at each end of the table a h. 
129. Inductive forces are examined ver. 
tically by fixing the masses by compres- 
sing bands e against the scale s, fig. 84, as 
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represented in the annexed fig. 85, and of wliicli wo may 
have, if requisite, two or three in succession. 

These arrangements put us in a position to note readily 
and simultaneously all relative distances and forces under a 
great variety of magnetic and apparenilv complicated con- 
ditions. In the arrangement fig. 85, for example, we may fix 
a mass of iron, s, at successive distances, s n, from a magnet 
H, and yet preserve the distance, a 5, at which the induced 
force operates constant, either by the rack and pinion c, or 
the milled head and screw p b, fig. 82, and thus arrive at a 
measure of the inductive force on the intermediate mass s. 

130. We have been somewhat prolix in our description of 
this instrument, but not unnecessarily so. There is scarcely 
any elementary experiment in magnetism which it does not 
completely and satisfactorily illustrate, besides furnishing 
quantitative measures of great importance to the mathema- 
tical inquirer into the laws and operations of magnetic 
force. The experiments given in pages 22, 28, 29 to 37, 
may be all repeated with this instrument, only varying the 
operation of the forces, which are to be referred to the 
suspended body t, and which mdy be either soft iron or a 
magnet, as the case requires. Thus, on suspending a small 
and powerftilly permq^nent magnetic cylinder, and sliding a 
long bar under it at a constant distance, we have all the 
attractions and repulsions shown by the march of the index 
in opposite directions, o m, o n, fig. 82. In employing a 
cylinder of soft iron we observe the precise position of the 
points of greatest and least attraction, the centre and poles 
of the bar, as already explained (25). 

131. Torsion Balance* — This species of magnetometer is 
derived from the reactive or untwisting force of a fine wire 
when subjected to a certain amount of torsion. The prin- 
ciple was first applied by the Rev. J. Michell, F.R.S., 
about the year 1790, for rendering sensible the attractions 
of mall quantities of matter. His apparatus was employed 
by Cavendish, in 1798, after Miohell's death, in his experi- 
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ments to determine the density of the earfch.* Coulomb 
further adopted the same principle, under the form of what 
is termed ^ the balance of torsion.* In this instrument, the 
directive or other force acting on a magnetic bar or needle 
dnj fig. 86, is balanced against the twisted force of a fine 
wire a h, suspended from a point of support a, and to which 
the needle or bar is attached, the point of support being the 
terminating extremity of a vertical wire or rod, m a, passing 

through a collar n a plate 
dm c a, and surmounted by a 
milled head m. It is here 
evident, that by turning the 
milled head m^ we necessarily 
turn round the wire a h ; and 
if the bar or needle p n resist 
this twist, we may place the 
resisting force in equilibrio 
with the reactive force of the 
torsion ; or if, on the contrary, 
we apply a force to either pole 
of the needle p n^ considered 
as a lever, then the wire a h, 
resisting the movement of the 
needle by the torsion impressed upon it, furnishes a balance 
to the force in a similar way. The amount of twist given 
to the wire is estimated in degrees, either by a graduated 
circle, ph nOy within which the bar or needle turns, or by 
a graduated plate, c m da, with an index c, showing by 
how many degrees the point a has been turned round, and 
consequently the twist impressed on the wire a 6. Thus 
Coulomb found, for example, that with a fine wire about 
30 inches in length it was requisite to turn the index c 
through 35 degrees, in order to force a magnetic needle p w, 
24 inches long and about the -j^th of an inch in diameter, 
through one degree of the circle ph n o, that is, to deviate 

* Phil. Trans, for 1798, p. 469. 
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one degree from its line of direction ; and thus a comparative 
yalue of the directive power at one degree was obtained. 

In this instrument the needle pn is fixed in a small 
stirrup h, and is enclosed in a glass case, the plate c d and 
wire a h being supported in a tube of 30 inches in length, 
raised &om the centre of the framework of the case. 

Coulomb has shown that the reactive force of the wire 
a h, when subjected to a moderate twist, is directly propor- 
tionate to the angle or arc through which the extremity p 
of the needle has moved, and is not affected by the weight 
of the suspended body. 

132. The Bifilar Balance, — In this magnetometer a reac- 
tive force is derived from the gravity of a needle jp n, fig. 87, 
or other body, suspended cen- 
trally by twoparallel threads, 
a &, cdj from a short cross- 
wire c a, and which can be 
moved round so as to cause 
the threads to turn as it were 
upon each other, by which 
the mass of the needle jp n, if 
resisting the twist, is insensi- 
bly raised, and its gravity or 
weight thus made to balance 
any given force operating on 
it ; or, supposing the needle 
J? 92^ to be at rest on the mag- 
netic meridian, when the two 
threads of suspension are ver- 
tical and parallel, and it be 
caused to deviate from this 
position by the operation of 

a repulsive force on one of its poles j?, then the two threads, 
ah, cd, will become more or less oblique to each other, and 
the needle will be raised by a small quantity, and the ten* 
dency of the needle to descend by gravity will be in equi- 
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Kbrio with the force acting on the poles of the needle, con- 
sidered as a lever. Similarly, by turning the cross- wire 
c a by means of the micrometer m through any number of 
degrees, we tend to turn the needle jp n from its line of 
direction, and so twist the threads upon each other in a 
similar way, the directive force of the needle may be thus 
estimated. The other arrangements are similar to fig. 86. 

The reactive force in these bifilar suspensions is directly 
as the distance between the threads and inversely as their 
lengths. It is also directly proportionate to the weight of 
the needle or other suspended mass, and is as the sine of 
the angle of deflection of the needle. 

To prevent the threads from collapsing upon each other, 
small stays sss of light cork or reed are inserted at given 
distances between the threads. 

The bifilar suspension was first employed by the author 
in the year 1831 : the principle was communicated to the 
Royal Society in 1832, as may be seen by a MS. letter to 
Professor Christie in the archives of the Royal Society. It 
was further made known through the medium of the Royal 
Society of Edinburgh in 1833, as appears by the 18th 
volume of the Society's Transactions, and in 1836 was laid 
before the Physical Section of the British Association, 
under the form of a Bifilar Balance.* The instrument is 
very fully and completely described in the Transactions of 
the Royal Society for 1836 ; and the same principle has 
been since resorted to in the Magnetic Observatories at 
Greenwich and other places, for estimating small variations 
in the directive force of a suspended magnetic bar. 

133. Magnetometer of Declination. — This instrument con- 
sists of a light short needle, fig. 88, delicately suspended 
within a graduated ring of card or metal s s ?i n. The 
needle and divided circle are fixed in the axis, and near one 
extremity of a straight mahogany board e w, moveable 
about a point c, concentric with the centre of the needle, so 

* British Association Reports, vol. iv. p. 17« 
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that it may be readily tximed for a short distance to either 
side of an arc A B, forming a base of support. 

A central or axial line 
w B is drawn on the board, 
and another line s N at 
right angles to this, passing 
tlnrongh the centre c. Other 
lines, ah d, &c., are drawn 
on the board parallel to s K, 
denoting the distanco in 
inches of the points ah d 
from the centre of the 
needle. 

The whole apparatus is 
60 placed as to make the 
needle c coincident with ^ 
the line s n, which may 
be finally and completely 
effected in turning the 
board e w a little to the 
right or the lefb upon the 
centre c. This adjustment complete, the axial line E w will 
be in an east and west direction, being at right angles to 
the meridional direction s N of the needle. 
, The force of a magnetic body m is estimated by placing it 
at a given distance m c from the centre of the needle, imme- 
diately in the axial or east and west Hne of the board e w, 
and at right angles to the direction s n of the needle, and 
noting the angle of deviation of the needle in degrees of the 
graduated circle 8 8 nn. If the force of a magnet, m for 
example, be examined in this way at a distance M c from 
the centre of the needle, of five or six times the length of 
the needle, then the tangents of the angles of deviation of 
the needle, as found in the ordinary Mathematical Tables, 
afford a very fair approximative measure of the force or 
power of the bar. Thus, if the angles of deviation caused 
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by two magnetic bars, whose separate powers we wished to 
determine, were at the same distance H c, 12 degrees and 
40 degrees respectively — ^then the relative forces, as found 
in the column of tangents for these angles^ wonld be as 
2125 to 8390, or as 1 : 4, very nearly. 

If the needle c were indefinitely short in respect of the 
magnet if, or the distance m c indefinitely great, then the 
force operating on the needle would be exactly measured by 
the tangent of the angle of deviation ; but since we cannot 
employ a needle indefinitely small, or distances indefinitely 
great, we cannot realise in practice an absolutely perfect 
result. The errors, however, diminish rapidly with the 
distance; in fact, the force is not really exerted in the 
direction M c, but more or less obliquely on either side upon 
the arms of the needle. The power also of the magnet is 
not the same in the deviated position e nof the needle as in 
the rectangular position s N ; hence, if we examine the force 
at small distances from the needle, certain corrections will 
be reqxdsite, tending to complicate the experiment, but 
which diminish rapidly as the distance is increased.* 

For the purpose of convenience and accurate observation, 
the magnetic bodies whose forces we require to examine 
are placed on a circular plate 0| moveable about a centre o, 

* Let no 8 in the annexed fig. 89 represent a magnetic needle de- 
viating from the magnetic meridian u c a by a force acting in direction 
Fig. 89, t Of as in fig. 88. Take c a to 

represent the horizontal or di- 
rective force of « « ; draw a b 
perpendicular to m m, meeting 
8 n prolonged in h ; then we hare 
a & as representing the deflective 
force operating in direction <c as 
before. But in this triangle cah 
we have, by the principles of 
trigonometry, c a \ a h w rad. 
: tangent oiaeh. If horizontal force c a be called unity, or 1, we have 
a 4 X R « tangent of the deviation a ch x I ot directive force » 
tangent of deviation, B being also considered as unity. 
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MI a Bhorfc reotangalar board H u beneatli. This lasi bo&rd 
moves between guide-pieces on the board £ w, so as te admit 
of the msgnetio body u being set at any required distance 
&om the needle s H, whilst by the levolring circnlar plate 
o we fife enabled to reverse the position of » magnet H 
withont deranging its position, and BO examine the fbrce of 
tiie opposite pole. 

The precise sitnaiions and directions being once obtained, 
the respective moveable parts are fixed 1^ i^ropriate 
screws and clamps. 

134. Magnetometer of Dejleclioit.— This instrument, re- 
presented in the annexed figure 90, is veiy similar to &B 




former in principle ; the difibrence being in the position of 
the magnetic body nnder examination, which is always 
placed at right angles to the direction of the deflected 
needle. In this figure s N is a delicately snBponded needle, 
with an accurately divided circle or card e, by which its 
angular deflections from the magnetic meridian are shown. 
The needle and card are supported on a fixed point or centre 
e, BO as to be a fittle r^Bod above a circular disc of 
mahogany A B D, concentric with this needle, and which is 
moveable abont the central point c, immediately under it. 

The circular disc A B n carries a long projecting arm 
D T, in the direction of a diameter of the circle ; an axial 
line D T, is drawn upon this arm, which, if continued, 
would pass through liie centre c, immediately nnder tlio 
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centre of the needle. This line is divided, as in the former 
case, fig. 88, bj other transverse lines ah e, showing the 
distance of these points from the centre c. The whole is 
placed on a firm mahogany base or clamped board, furnished 
with a divided semicircular arc p o a, concentric with the 
graduated circle of the needle. This arc is divided on each 
side of the centre o, up to 90°, the point o being the zero 
of the arc. By means of a light index b o, attached to the 
moveable circle a b d, we are enabled to estimate, on a large 
scale, the angular quantity through which the circle has 
been turned either way. 

The instrument being adjusted so as to bring the line 
D T perpendicular to the direction of the needle or magnetic 
meridian n o, and the index b o at zero of the arc jp o a ; 
then the force of any magnetic body m t is measured, in 
placing it in the line d t, at a given distance c m, from the 
centre of the needle s n : in this case the needle will stand 
more or less oblique to the h'ne of the deflecting body M, 
and will assume some other direction, a n. We now proceed 
to turn the circular board a b D and arm d t, in either 
direction, until we again bring the line of deflection at right 
angles to the new direction of the needle. Thus, when the 
new direction becomes a n, the line of deflection should be 
in the direction t c : now the angular quantity by which the 
arm d t has been turned, in order to establish the equili- 
brium in this precise position, corresponds to the angular 
deflection of the needle, that is, to the angle n c n, and this 
angle therefore becomes measured on a large scale ao p^ 
by the index b o, however small a needle, s n, we may 
find it convenient to employ. Now the force of the de- 
flecting body M T, if the distance c M be many times the 
length of the needle, will be very nearly as the sine of 
the angle of deflection as given in the ordinary Mathematical 
Tables. 

Thus, if two magnets placed at the same distance c M 
from the centre c, or the same magnet placed at diflerent 
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disiances, cause deflections of 20 and 43 degrees respec- 
tively, then the relative forces will be as 3420 and 6819, or 
as 1 : 2, very nearly. 

135. In experiments of this kind the needle N s may be 
considered as a pendulum, which, when drawn aside from 
its natural position, tends to return to it ; and if by any 
equivalent statical force acting in a given direction we 
maintain the pendulum in any other position at any given 
angle to its natural position, the amount of such statical 
force, as is proved by mechanics, will vary with the sine of 
the angle of deviation. The conditions, however, of a mag- 
netic needle, considered in this way, and sustained at a 
given angle to its meridian by a deflecting magnetic force, 
are both in this and the preceding case, fig. 88, extremely 
complicated and troublesome. The force which we measure 
is actually the resultant of all the forces of the magnet, and 
we have necessarily to consider it as proceeding from four 
elementary actions, two attractions and two repulsions; 
that is to say, the repulsions of the similar and the attrac- 
tions of the dissimilar polarities (14). We must hence 
endeavour to place the experiment under such practical 
conditions as will enable us to consider the result as derived 
^m a central force operating upon the poles of the needle 
in a given direction. In fig. .90 we have supposed the force 
to be directed from one pole of the deflecting magnet, m, in 
a direction always perpendicular to its actual position ; still 
in this, as in the former instance, ^g. 88, the forces are not 
really so exerted ; they fall more or less obliquely to tho 
needle upon each side of the centre, and it is only when tho 
needle is supposed indefinitely short, or the distance o m, 
fig. 90, indefinitely great, that we can really consider these 
oblique forces as perpendicular to the line of the needle. 
We may, however, so consider them for most practical pur- 
poses, when we make the distance c m exceed five times tho 
length of the needle, whilst the opposite pole t of the bar 
being still farther removed, the forces from this pole may 
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be so far neglected. In this way we may arrive at very 
fair and valuable approximate measures.* 

For the better convenience and accuracy of observation 
the magnet (m, fig. 90,) may be placed on a moveable cir- 
cular board and slide, as in fig. 88, so as to turn the poles 
into an opposite position, and adjust the distances without 
disturbing the bar. 

186. This last magnetometer, as is evident, is convertible 
into the former by simply observing the deviation of the 
needle s N when the arm d t is at right angles to the mag- 
netic meridian; and conversely the magnetometer, fig. 88, 
may be employed as a magnetometer of rectangular deflec- 
tion, by turning the board £ w, together with the needle 

* Let s N, fig. 91, be a magnetic needle, of which the line t p is the 
natural direction or meridian, and let m be a magnet causing the needle 
8 K to deyiate from its meridian by some given angle, p c n, and holding 

Fig. 91. it there by a force supposed 

^ to be collected in the pole m, 

and to operate in the direc- 
tion u Of or at right angles to 

m ^\. fi <r -^ the actual position, s n, of the 

needle, and upon a centre of 
force, JK or s, resident in the 
poles of the needle. Then, 
taking a c U> represent the 
force urging the needle in its 
natural meridian t p, and a a 
perpendicular to s n, the force by which the needle is sustained at a 
given angle a <? s, we have from the elements of trigonometry c a: a a 

: : sine of aa c: sine of a c s, and thus deduce a a = ^ ^ ^ einac a, 

sm a s c 

But if, as in the case of the iustrument (fig. 90), the distance m c be 
taken so great as to admit of the obliquity of the action in direction m s 
being neglected, and a s to be parallel to m c, or nearly so, and that this 
direction is always pei^endicular to the needle, so that angle a s c be- 
comes a constant — ^being a right angle or unity — and if, moreover, we 
only consider the comparative deflecting force without regard to the 
horizontal force c a urging the needle to its natural meridian, then we 
may neglect sine of a s c and force c a, and we have for the above 
equation — deflecting force a s « sine of a c s. 
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I and magnet, into sacli a positioii as will bring the needle 
again at right angles to the axial line of the boaj^ ; if we 
then remove the magnet u, the needle returns to its meri> 
dian, and we are enabled to observe the number of degrees 
hy which it has been de&ectod. The great adrantt^ of 
the latter arrangement, fig. 90, is that we are enabled to 
employ a very short needle, and yet obseire the degree of 
deflection on a veiy large cironlar arc, a op. This, how- 
ever, might still be effected in fig. 88 by applying an index 
and large gradoated are to measnre the angolur morement 
of the extremity w of the board B w, aboat the centre e. In 
this case the angular quantity requisite to turn ^e axial 
line E w, in order to place the needle at r^ht angles to that 
line, would represent accurately the deflection of the 
needle fixim its meridian. 

137. Jlfa^neto»e<ero^O«(n)/^fti>n.^ThismBgneticBl instru- 
ment consists of a light magnetic bar, or needle, n b, fig. 92, 
suspended by a fine silk pj j2 

filament a i from a fixed 
point i, within a gradu* 
ated circular ring a B & X, 
The card and needle are 
mounted in a light 
wooden frame tntf, car- 
rying an elevated and 
narrow cap uid nut o 
for the thread of sus- 
pension. The whole is 
placed on a sightly ele- 
vated tabic i a, indicated 
in the figure, and so as . 
to be moveable about a 
central pivot a, which, 
if prolonged, would pass 
through the centre of 
tJie needle and card k a s t. The thread of suspension is 
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attached to the extremity of a rod o a, which is acted on 
by a milled head and screw at c, so as to eleyate or depress 
the bar s n by any small quantity ; and adjusted to the piano 
of the graduated ring a s & n there is a forked lever a h^ 
carried by a rod A % passing through the base of the frame, 
by which, in turning the milled head at A, the needle or bar 
may be seized, as it were, equally on each side the centre, 
and turned to any given points of the graduated circle. 

The opposite points 1 1' of the card are marked zero, and 
the card is graduated up to 90 degrees on each side of these 
points. The axis of the bar s n is brought to coincide with 
these points by turning the frame carrying the card about 
the centre o. Two indexes n s of fine platinum wire are 
inserted in thin vertical slits cut on the extremities of the 
bar, and there are two sights in the frame at ^ ^ by which 
the position of the opposite points of the card and needle 
may be accurately placed in the line of the magnetic meri- 
dian. The instrument being thus adjusted, the bar s n is 
turned aside by the forked lever a & to any given angular 
quantity shown on the card. The lever is then quickly 
turned back, and the bar allowed to vibrate for any given 
period. The times and arcs of vibration are carefully noted, 
and from this the force urging the bar is deduced. 

The frame t u t' may be covered with a thin glass shade, 
to screen off currents of air from the vibrating needle, hav- 
ing an open end at u for the passage of the vertical narrow 
frame c u. 

In the Edinburgh Philosophical Transactions, vol. xiii. 
Part I., and in the Transactions of the Eoyal Society for 
1831, will be found a more detailed account of this instru- 
ment as applicable to the observation of the vibrations of a 
magnetic bar in an exhausted receiver. 

138. The principle of this magnetometer is based on the 
fact that a vibrating magnetic needle may be considered as 
a species of pendulum; and the condition of the needle 
with regard to the magnetic directive force operating on it 
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is very similar to tliat of a lever moveable on a horizontal 
axis, and acted on hy any other force, such as gravity ; 
such, for ezeonple, as the case of the compound pendulum ; 
so that the same laws apply to both these cases. Now it is 
proved by the laws of oscillating bodies — 

1^ That the time in which the same pendulum oscillates 
under different degrees of power will be inversely pro- 
portional to the square root of that power. 

2^ That the force operating on the pendulum will be in 
the inverse ratio of the square of the time. 

3^. That the time being the same, the force will be 
directly as the square of the number of vibrations. 

Such are the general laws requisite to be kept in view for 
our present purpose. In the adaptation of the magnetio 
pendulum to the measurement of magnetic forces there are 
certain other considerations to be taken into the account, 
in the application of a vibrating bar or needle to particular 
and refined inquiries in magnetism, which will be noticed 
hereafter. 

139. As a practical illustration of the application of the 

magnetometer of oscillation, fig. 92, to the measurement of 

magnetic forces, suppose the bar SN, under two different 

states of intensity, as produced by the methods of single 

and double touch, already described (93), had been found 

to make within given small arcs of vibration. 

First 10 vibrations in 80 seconds (a) ; 
Second 10 vibrations in 40 seconds (6); 

then, by the laws just given (138), the force, or magnetic 

power of the bar, would in the second case (h) be four 

times as great as in the first (a).* 

* Let the force niging the bar in the first case (a) be called/; 

in the second case (6) „ f. 
We have then by law 1° 80" : 40" : : Vj: ^' ^^ Jf\ Jf \\\\ 2, 

2 a/jF 

that is, vy = -—. If we caU/nnity or 1, then v/' = 2 and/'=4 ; 

hence fovcef is 4 times as great as force/. "We have next by law 2^ 
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140. The tat« of vibration of magnetic bnra &g a measure 
of force may bo occasionally observed by a simple enapen- 
sion from a fixed point. Coulomb deduced in this way the 
force of the bars constitating his lai^ compound magnet 
(106), as prodnoed by various methods of magnetizing. 

141. A. very simple and ready form of the magnetometer 

of oscillation, especially in snch inves- 
'^' tigations as require a short and fine 

vibrating needle, consists in the suspension 
of a small piece of ma^etized steel wire 
mthin a common lamp-glass, closed at the 
top by a cork, through which the wira of 
Buspension may be easily moved. A gra- 
duated ring of card-board should be made 
so as to encircle the glass at the position 
of the needle, and the whole may rest on 
a circular grooved piece of mahogany. 
This instrument is represented in fig. 93. 
, The needle suspended within this glass 
may be pnt into a state of vibration by ' 
the external influence of a small piece of 
iron, or a yritik mc^et. 

142. The Compass. — A m^netio needle, or bar mounted 

F'g. 94- on a fine centre, enclosed within 

a shallow box or metallic case, 
and furnished with a plajie dr- 
cnlar card, denoting the chief 
or cardinal points of the horizon- 
tal plane about ns, constitutes a 
magnetical instrument termed 
the compaiB. This instrument, represented in fig. 94, consists 

/:/: : JO' : 80' : : 1' : 2>, oraa 1 ; *, which is the same resnlt. By 
law 3°, we ha»B, in takiug the namlier of Tibmtiona performed in the 
same time, mj for the first case (a), reduced to iO BeoondB, f:f : 6'! 
10', that is ; : 2S : 100, or as I : 4, as in the other caacs. 
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therefore of three principal parts: the needle sn, the card 
below it, and the case in which these are enclosed. The 
term compass is immediately derived from the card, which 
compasses, or involves, as it were, the whole plane of the 
horizon. 

The compass needle, sn, is usnally a light bar, set 
edgewise upon an agate centre, as abeady described (120), 
sometimes it consists of a thin piece of steel plate, tapering 
from the centre to the extremities, and may be of any 
dimensions, according to the size of the compass reqnired. 
The Chinese employ very small instruments, their needles 
not generally exceeding an inch in length. They consist 
of a short piece of fine cylindrical steel wire, and are 
suspended in the way already described (121), the centre 
of gravity being above the point of suspension. 

The compass or card indicating the various points in the 
horizon, vnth reference to the direction of the magnetic 
needle, is either fixed in the case immediately imder the 
needle s n, and separate from it, or is otherwise attached 
to the needle itself, as in fig. 96, so as to traverse with it. 
In the former case it is constructed of card-board or metal ; 
in the latter, it is made of some very light substance not 
. subject to warp from heat or moisture, such as a thin plate 
of talc. 

143. In the magnetic compass, the plane of the horizontal 
circle is divided into thirty-two parts by lines supposed to 
be drawn diametrically through the circle. Thpse, as prac- 
tically applied to the compass card, are called points of the 
compass, or in nautical language, rhumbs.* In marking 
the compass card, such as is represented in fig. 95, the 
circle is first divided into two semicircles by a diameter s N, 
denoting the line of the magnetic meridian ; and the north 
point, as being the most elementary or great point of refer- 

^ From the Greek pc/ii3<tf, to turn ; a vertical circle, in turning so as 
to intersect the horizontal plane in certain points, may be conceived to 
divide it into rhumbs. 

n2 - 
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ence, Is asnallf distingaished by an ornamental arrow or 
flenr-de'lis. A diameter E W is next drawn at right angles 
to S H, by wMcb we obtain the east and west line, and thna 
we have the fonr principal or elementary cardinal points. 
The qnadrante of the circle between theae fonr points arq 
farther and equally divided by two other diameters, pro- 
ducing four new rhombs or points. These are named &om 
their relative podtion in the compass. 

The point midway between n and E, for example, being 

oompoonded as it were of the two directions, is termed 

nort^-eaat, and marked h e. That midway between h and 

Eg. 96. 



TT is in a similar way termed north-west, and marked n w. 
That between s and w is termed south-west, and marked 
8 w : between s and e is south-east, and marked 8 B, 

We thus obtain eight principal points or rhombs, and by 
continuing the division by diameters, bisecting the arcs con- 
tained by these first oight points, we obtcun an additional 
eight points, making in all sixteen points : these additional 
points are named, as before, from their position in the 
compass. 
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Tbe point midway between ir and N E is termed north- 
north-east, as being nearer north than east, and is hence 
marked with two letters, n, thns N K e. In a similar way, 
the point between east and north-east is termed east-north- 
east, as being nearer the east, and is marked thns, E N B ; 
and so on of the remaining bisected arcs : thus we have 
the points K N w and w N w for the points between north 
and west ; s s w and w s w for the points between south 
and west ; s s b and B s B for the points between south and 
east. 

By further continuing the bisection of all the arcs in- 
cluded between these points, we again, as is evident, double 
the number of rhumbs, and obtain sixteen additional points, 
making in all thirty-two points : these, as in the previous 
instances, are named from their position in the compass, 
with the addition of the characteristic word by. 

Thus the point midway between n and n N E is called 
north by east, and is marked n by e ; that between n and 
N N w, north by west, and is marked n by w ; the point 
between k e and n k e is called north-east by north, and is 
marked n e by n, and so on, leaning for the designation 
towards the nearest of the four elementary cardinal points. 
Thus the point midway between £ and e N E is termed east 
by north, and is marked e by n. In this way we arrive at 
thirty-two rhumbs or divisions of the circle into points, 
which, taken in succession from the first or principal point, 
north, and carried round the circle in either direction, east 
or west-^suppose in the east direction — ^will stand thus : 



N. 


B. 


8. 


w. 


w. by B,' 


B. by 8. 


8. by w. 


vr, by H. 


NNE. 


E8E. 


8 8 TV. 


WN w. 


N B. by IT. 


s E. by B. 


8 w. by 8. 


» w. by w. 


NE. 


8 E. 


8 W. 


N. w. 


N B. by B. 


8 E. by s. 


8 w. by w. 


N w. T)y N. 


ENE. 


BSE. 


W8 W. 


NK W. 


B.by K. 


sbys. 


w. bys. 


N. by w. 



An enumeration of these successive points from memory is 
what sailors call ' Boxing the compass.' 
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144. More minute divisions of the compass card are esti- 
mated by what are called half and quarter points, each point 
being divided or supposed to be divided into four equal 
parts, so that any small angular quantity between either of 
the thirty-two divisions or points just enumerated, as for 
example between n. and N. by b., would be termed north a 
quarter east, or north half east, or three-quart-ers east, as the 
case may be : we then arrive at north by east, and so of all 
the other points. Thus north by west, a little to the north 
or west, would be called north by west a quarter or half, Ac. 
north, or a quarter or half, <fcc. west, as the case may be. 

145. For more refined purposes, the compass is enclosed 
by a graduated circle divided into 360 degrees in the 
usual way, by which the rhumbs are estimated in angular 
quantities, each rhumb or point, as is evident, being the 

^Vnd part of 360% or ^= 11° 15' : a half point will be then 

5** 37' 30" ; a quarter point 2° 48' 45". 

146. When the compass card is fixed to the box or case 
in which it is enclosed, and the needle allowed to traverse 
over it, we have what is usually tenned a land compass : it 
is commonly used by travellers for determining the different 
points of the horizon, the box being turned so as to bring 
the north and south points of the card immediately under 
the north and south poles of the needle (17). In this case 
all the other points, stS referred to the magnetic meridian 
of the particular locality, are correctly placed. The land 
compass is also occasionally employed in the measurement 
of angles in surveying instruments. It may be, for general 
purposes, of any moderate size from that of a common seal 
up to a diameter of a foot. The land compass has usually 
a spring stop under the needle, by which it may be thrown 
up and retained clear of the point when not in use. 

147. The Sea Compass. — Since a fixed compass card, as 
applied in the land compass, could not possibly be used on 
ship-board for determining the position of the cardinal points 
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in reference to the mimetic meridi&n, because tlie veBsel is 
coDtinually varying its position, and is in continual motion, 
it becomes requisite to constmct the compass card of some 
light sabstance not liable to warp or damage from heat aud 
moisture, and attach it to the needle itself, so as t^i admit of 
both card and needle traversing together. If the needle bo 
fixed to the card with the north and sonth poles immedi- 
ately under the north and sonth points of the compass, then, 
as is evident, all the points of the card will be correctly 
placed in reference to the magnetic meridian of the place, 
in whatever direction the vessel be turned, that is to say, 
supposing that no diatnrbing inflnence from iron or other 
causes exist in the ship itself. 

This is, therefore, the principal distinction between the 
land and sea compass : the sea compass, or mariner's com- 
pass, is represented 
in the annexed fig. 
96, in which 3 w n e 
is the magnetic 
needle with its card 
accnrately poised on 
a fine central point 
withina bowl or case, 
A, of glass, metal, or 
wood ; and in order to 
jwevent any disfcnrb- 

ance from the pitching and rolling of the ship this bowl is 
set within a ring of metal, cad, upon two axial pivots, 
which project from its opposite sides like tho tmnnions of 
a cannon : one of these ia seen near 4. Tho ring, in its 
turn, is set also npon axial pivots at C and d, in a line at 
right angles to the former, and which are either supported 
within a second semicircnlar or vertical ring, b D, or on 
pivot notches in two brass plates fixed at C and d to tho 
box or case in which tho whole is usually enclosed, and 
which, on ship-board, has received tho name of the SiMnoote. 
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The centre of gravity of the mass is frequently kept far 
below these axial pivots of suspension by a ring, or small 
mass of lead, attached to the bottom of the compass bowl. 
The two brass circles, within which the compass bowl is ' 
thus supported, are called gmibalds ; and it is clear that^ by 
these, the card and needle will generally be preserved in a 
plane perpendicular to that of the point of suspension. In 
fact, any rolling motion transverse to the axis d moves 
the ring gad upon the axis c d ; and any similar motion 
transverse to the axis A moves the ring cad upon the inner 
axis A — ^the interior bowl, with the needle and card, being 
all the while maintained in a vertical position by the force 
of gravity. This form of the compass, although employed 
for the most part to guide the mariner across a trackless 
ocean, has still many other important practical applications, 
which will be noticed in their place. 

148. The Azimuth Compass. — With a view to a complete 
apprehension of the nature and object of this kind of com- 
pass, we should understand that a great circle of the sphere, 
supposed to pass through the zenith or point immediately 
over our head, and cutting the horizon circle around us in 
any two points, is termed an azimuth circle^ and the distance 
of the points in the horizon which they intersect, as mea- 
sured from the true meridian of the place by an arc of the 
horizon, has been termed the azimuth distance of these 
points : such is, in fact, the direct meaning of the term azi- 
muthy which is a pure Arabic word, signifying the distance 
between the meridian of a place and a vertical circle pass- 
ing through the zenith, as referred to an arc of the horizon. 
That is termed the true azimuth, K we substitute the line 
of the magnetic meridian for the line of the true meridian, 
we have the m^agneOo azimuth of the points of intersection. 
If, therefore, we can determine the true and magnetic azi- 
muths of any given points in the sphere about us, referred 
to an arc of the horizon, we may thence deduce the precise 
direction of the compass needle in respect of the true meri- 
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dian of the place of obserration. Now the hue ozimatii of 
any given point in the horizon is determinable hy ordinary 
astronomical obaeryation, and it is the object of the azimuth 
compms to find the magnetic azimnth, 

149. The azimnth compass is represented in fig. 97, and 
COnsistB, in its latest and most improved form, of the sea 
compass jnst described, having two sight-vanes, n e, aSized 
to it, and in snch yr&y that the line of sight may pass im- 
mediately over the centre of the card c. The points of the 
compass depicted on the card are few, and for the most 
part ornamental, but the circamference or outer ring of the 
card is very carefolly divided into degrees and quarter parts, 



or 15' of a de- 



Fig. 87. 



gree. Immedi- 
atoly in the line ^ 
of the sight-slit 
at D is asmall tri- 
angular prism 
p, its lower faco 
beingfonned in- 
to a lens, so as 
togiveitashort 
focal diettmce. 
This prism ia 
placed immedi- 
ately over tho 
divided circlo 
of the compass 

card so that the eye at d sees the divisions magnified and 
reflected in the prism j but since by the reflection the figures 
on the graduated circle become reversed, they are, to meet 
this condition, engraved on the card in a reverted position, 
BO that the eye sees them in their true position. The oppo- 
site sight-vane e has a fine hair, a h, passing centrally and 
vertically through it, by vfhich the Hne of sight, deb, 
directed to any object, B, is caused to pass over the centre 
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c of the card. The whole is mounted in gimbalds, as in the 
ordinary sea compass, the outer gimbald or ring being 
moveable on a central pivot b, so that the compass with its 
sights may be turned into any azimuth (148). There is 
also a plane mirror E, moveable on a hinge at the back of 
the sight E, which may be placed at any angle required to 
reflect the image of any of the celestial bodies to the eye at 
n. There are also coloured glasses on hinges affixed to the 
sight-vane d, but not given in the figure, for screening off 
the light of the sun, or other object, when offensive to 
the eye. 

150. AjpjpUcation of the Azimuth Goiivpass, — ^This instru- 
ment is applied in the following way : the prism p being 
carefiiUy adjusted by small screws attached to it for that 
purpose, so as to obtain a distinct vision of the degrees of 
the divided card, the observer looks over the edge of the 
prism through the sight-line at d and through the vane e, 
at some celestial object, s, such as the sun or a star, when 
either in the horizon or above it, turning the instrument 
until the vertical hair a h, in the vane B, exactly bisects 
the object. At this instant he catches the reading of the 
card reflected to the eye by the prism p ; in fact, he sees 
both at the same instant, taking care to note the degrees 
when the card is steady, at which moment he arrests it 
mechanically by a small spring-stop fixed in the instrument 
for that purpose, so as to read off the degrees corresponding 
to the line of sight d e s with greater precision. Now it is 
evident that the arc of the card intercepted between the 
magnetic meridian or line p Gd of the needle attached to 
it, and the line of sight D e s, is the magnetic azimuth dis- 
tance of the object s, referred to the horizon (148) ; wo 
may, in fact, conceive the horizontal circle to be only tlio 
limit of the plane of the compass card, and the object s to 
be brought down to the horizontal circle by a great circle 
of the sphere passing through the zenith and the object s, 
and intersecting the horizon in a given point ; the distance 
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of which, from the point of intersection of the magnetic 
meridian, is measured bj the arc contained between them, 
and which is given in degrees of the compass card : this is 
what sailors call ' taking an azimuth or bearing by compass.' 
Having foimd the magnetic azimuth, we deduct it from the 
true azimuth of the body s, determinable by astronomical 
calculation, supposing the azimuth distance to be reckoned 
in each case both from the north, or both from the south ; 
and the difference is the angular quantity by which the line 
of the magnetic needle differs from the true meridian of the 
place, and the declination will be either east or west, ac- 
cording as the true azimuth falls on the right or left of the 
magnetic. The best time for an observation is when the 
object is in or near the horizon. If the sun be observed, 
the observation should be taken when the lower limb is 
just above the horizon, for the centre is then nearly in the 
horizon, but is seen above it on account of the refraction of 
the atmosphere. 

We are indebted to Gilbert for the more correct and 
complete method of the prism, which may be considered as 
a great boon to nautical science. 

The common azimuth compass is merely famished with 
two common sights attached to it. Mr. M'CuUoch greatly 
improved this form of the instrument by perfecting the 
application of the sights, and using a lens and vernier to 
read off the divisions of the card. 

When, instead of measuring the distance of a celestial 
object as referred to the horizon from the true or the magnetic 
north and south points, we measure it from the true or the 
magnetic ea»st and west points of the horizon, then that 
distance is termed the true or the magnetic amjplitude of the 
object, as the case may be. As this measurement is fre- 
quently resorted to, the azimuth compass has been also 
occasionally termed an amplitude compass. Either method, 
as is evident, may be employed for determining the differ- 
once in the direction of the magnetic and true meridians of 
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any given place, the real amplitude being found, as before, 
by astronomical calculation, the magnetic amplitude by the 
compass. 

151. In the various applications of the compass, both on 
shore and at sea, it is of great importance to maintain the 
needle in as perfect a state of quietude as possible, and that 
without damaging the sensibility of the instrument. In 
the compass as improved by the author of this work, so 
long since as the year 1832, the needle is surrounded by a 
dense ring of copper, which, together with some other 
recent arrangements in the preparation and mounting oi 
the needle and card, is so effective, that the usual incon- 
venient oscillations, especially at sea, are altogether avoided. 
This instrument will be more particularly described in our 
chapter on the mariner^s compass. 

162. The JDvppvng Needle, — ^We have already seen (21) 
that the natural position of the magnetic needle, when free 



Fig. 98. 



to move into any position, is 
not always horizontal, but is a 
combination of a horizontal 
and vertical direction, so that 
the needle commonly endea* 
vours to place itself in the 
plane of the magnetic me- 
ridian, in a direction more or 
^ less inclined to the horizon. 
The magnetical instrument by 
which the amount of this in- 
B clination is determined has 
been termed the dipping 
needle, and is represented in 
^g. 98. 

N s represents a light mag- 
netic bar or needle of a long 
lozenge form, about 10 inches 
in length, which, previously to being rendered magnetic, is 
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set on a abort axis mn^ and is yery accurately poised about 
its centre of gravity, through which the axis is passed, so 
as to be quite indifferent as to position (21). The axis 
fnnia turned down at its extremities to very fine cylin- 
drical pivots ; these rest on two finely-polished agate planes 
m 1^ supported on two cross bars a d of a light rectangular 
frame A n b e. The platfonn or cross-pieoe, e b, of this 
frame is solid, and fixed to a circular plate beneath, accu- 
rately ground to a similar plate fixed on a vertical pillar c, 
so that by means of a vertical axis which plays in a socket 
in the pillar c, the whole may be turned evenly and centrally 
round into any azimuth (148) . The cross-piece e b, which has 
a level s I fixed in it, gives support to a finely divided circle 
A (2 Z, in the plane of which the bar K s moves : the axis m n 
is so placed as to pass accurately through the centre of this 
circle. The whole is mounted on the central pillar c, and 
can, as just observed, be turned into any required azimuth 
about a supposed vertical axis cd, passing through the 
centre of the needle. The precise angular quantity through 
which the needle is turned is measured by a contrivauce 
called a vernier^ v, attached to the under part of the platform 
E B, and a graduated azimuth circle T H v, fixed to the cen* 
tral pillar of support ; the whole is placed on a light firm 
base, furnished with three levelling screws, for the requisite 
levelling of the instrument. The vertical circle Adl ia 
divided upon silver to 10' of a degree. The agate pieces 
mn are adjustable to the same horizontal plane by screws 
bearing upon their lower edges, and there is a light interior 
frame acted on by a lever at d, furnished with y-pieces at 
mrif and moveable on an axis at one extremity, a, by which 
the axis of the needle s n may be lifted off the agate planes 
mrif and be again let down on them without disturbing its 
final position. The whole is covered by a light case of 
wood and glass resting on the platform-piece e b, but not 
represented in the figure, so as to shield the needle from 
the air; and there are also two moveable arms attached to 
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a horizontal bar connected with the case, which carry 
lenses for reading off the degrees of the divided circle s. 

The instrument here described is after the construction 
of M. (Jambey, of Paris, who is celebrated for the accuracy 
and beauty of such instruments. There arc other forms of 
construction of the dipping needle adopted in this country, 
also worthy of attention, but they involve precisely the 
same principles. The dipping needle of Messrs. W. and T. 
Gilbert is amongst these, and is a very perfect instrument. 
In every kind of dipping needle, however, upon these prin- 
ciples, the mechanical difficulty of a perfect construction is 
immense, since for absolute perfection we require to adjust 
the centre of graviiy of the needle within the one-millionth 
of an inch of the truth ; how great, therefore, must be the 
disturbance produced by inequalities in the bearing-points 
of the axis or other very small errors of construction ! 

153. In order to determine by this instrument the dip or 
inclination of the magnetic needle in any given spot, we 
place the instrument on a steady base, free from the presence 
of iron, and having accurately levelled it, proceed to adjust 
the graduated circle A dl in the magnetic meridian. This 
is effected either by removing the needle of inclination s N, 
and placing a balanced horizontal needle, made expressly 
for the purpose, within the frame Ami) n^ or in any other 
situation adapted to it, or by turning the instrument so as 
to bring the needle into a vertical position. It will be then 
at right angles to the magnetic meridian ; and we have then 
only to turn it 90 degrees from this point, as shown on the 
azimuth circle T n v. Having determined the direction oi 
the magnetic meridian, the plane of the circle Ad lis finally 
secured in that direction by a small clamp-screw at 0. 
We now remove the horizontal needle, if that be employed, 
and replace the needle of inclination s n, allowing it to 
vibrate freely. When it is at rest, we turn the milled head 
lever at d, and lift the axis w n gently off the agate planes 
by means of ihe y-pieces ; when again let down it will bo 
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accurately in the centre, and in the plane of the divided 
circle. Supposing we had an absolutely perfect instrument, 
the needle would now mark the precise angle of inclination 
at the place of observation ; but there are mechanical errors, 
as just observed, quite inseparable from the construction 
of the instrument, which we can only hope to compensate 
by a mean of experiments. We therefore first take a few 
successive observations, and note the angle at which the 
needle rests after putting it into vibration. This should be 
repeated with the axis m n reversed in position on the 
agates. We then turn the face of the instrument 180% as 
shown by the circle t n v, that is completely round, and 
make a similar number of observations. We now remove 
the needle s n, and by the processes of magnetizing before 
given (91) (98), to reverse its poles, and take a similar 
series of observations ; so that we have then to take the 
mean of a given number of observations— say 10. 

First, urith the face of the instnunent, suppose to the East. 
Second, „ „ to the West. 

Thirdly, with inverted poles, face to the East. 

Fourthly, „ „ to the West, 

The nearer these observations accord, the more perfect is 
the instrument; but they will certainly diflfer by some 
small quantity. If we add the whole together, however, 
and divide by the number of observations, the resulting 
quotient will be very near the true inclination of the needle. 
Thus, the inclination of the magnetic needle in the gardens 
of the AtheneBum at Plymouth was found to be, in Novem- 
ber, 1831, by Gambey's instrument, 69° 27' 6". The ob- 
servations were taken by Captain Fitzroy, R.N., and the 
author, previously to the sailing of the Beagle on her second 
voyage. A similar result was obtained by means of Gilbert's 
dipping needle. 

154. It being almost impossible to construct an abso- 
lately perfect instrument for determining the inclination of 
the magnetic needle at once and by a direct experiment, 
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other indirect metliodB have been proposed, by whidi the 
errors inseparable from the difficulty of conBtmction arc 
Bougbt to be avoided. One of these consists in observing 
the angular deviation of the needle from the vertical posi- 
tion taken in a series of planes at right angles to esxih 
other, by turning the inefcranient round on its vertical aids. 
If we take the sqTiarea of the tangents of the observed 
angles of deflection from the vertical in each pair of planes, 
and deduce a mean from these results, we obtain the square 
of the tangent of an angle, which, if added to the tme 
angle of inclination, would complete a right angle or 90°, 
hence called the complement of th9 dip ; from this it is 
evident that the true angle of inclination can readily be 
found by the ordinary Mathematical Tables.* 

155. Another method of observation consists in observing 

* In the annexed fig. 90, let c be the centre on aiU of the needle, . 
c p the trne position of iDclin&Uon from the horizontal line c k in the ' 
plane of the mitgnetic meridian m u. Then in turning round ths instru- 
ment, it is found that when the face is at c m, or at right angl«e to the 
meridian, m m, the needle will be in a vertical position, c m, and wiU, in 
pig. 9g_ taming, tata all intermediate posi-' 

C tions,deecribingacone, fficp^fiiii.' 

Iiet mca and m c i be tlie angles of 
deviation from c h, as observed in' 
two planes, ja\,mt, at right angles 
to each other. Then in right-angled 
triangle, a w ft, we hare, Euclid IT, 
Book I, (w a)> + (m by = (« by 
= (mty, since a ft andmporedia- 
noterB of the same circle, mav b; 
" but by the elements of trigonometry, 
m a and m b are the tangents of the 
observed angles, mca and tn a 3 : we 
may hence obtain from the squares 
of thoas tangents the squaco of m p, which is in like manner the tangent 
of the angle m c f ; that is to say, of the complement of the angle p c a, 
or true inclination below the horizontal line c h. From this the angle 
of inclination, p o b, or true dip, may, as is eyident, be deduced by the 
oiiiatay Trigonometrical Tables. 
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the time of a given number of vibrations of the needle in 
the plane of the meridian, and in a plane east and west, or at 
right angles to this ; that is to say, in the inclined and vertical 
positions of the needle. We then divide the square of the 
times, say of 100 vibrations in the plane of the meridian, 
by the square of the time of the same number when the 
needle is vertical in an east and west plane ; the quotient 
is the sine of the true angle of inclination, from which the 
angle itself is easily found. 

This method principally applies to places in which the 
dip is not very considerable. When the inclination is con- 
siderable the following method has been resorted to: first 
observe the time of a given number of vibrations in the 
plane of the meridian, as before ; then suspend the needle 
by a silk fibre, branching and extending below a little on 
each side the centre, so as to produce a perfectly horizontal 
position. Let the needle now vibrate freely in a horizontal 
plane. Divide the square of the time of a given number of 
vibrations in the inclined position by the square of the time 
of the same number in the horizontal position, and we then 
have the cosine of the true inclination or dip, from which 
the angle itself is easily found by the ordinary Tables.* 

* These processes are founded on the resolution of the force causing 
the needle to vibrate. When oscillating in its natural or inclined posi- 
tion, it oscillates by the action of the whole directive power ; but when 
oscillating in a vertical or horizontal position, only a portion of the 
whole directive power comes into play. Completing the trigonometrical 
eonstruction of the forces according to the method giveUi fig. 89, p. 138, 
the force in the vertical position becomes finally represented by the sine 
of the angle of inclination, and in the horizontal position by the cosine 
— calling the whole, or total force, unity or 1. Let, therefore, d express 
the dip or angle of inclination, t and t the times of a given number of 
oscillations in the inclined and vertical positions of the dipping needle ; 
then, as the forces are inversely proportional to the squares of the times 
of vibration (139), we have — 

1 : sin. (? : : T» : <•; 
that is to say» 

• ^ t^ 
sin. tf = _ . 



1C2 STTDIMENTART MAGNETISM. 

As it IS of importance in this experiment to obtain a true 
horizontal direction, we cannot be too careful in completing 
the position of suspension. The following is a simple and 
ready method of observing whether the needle be sus- 
pended horizontally. Fill an open vessel of any kind 
with water, which should be tinted with a little common 
blue ; hold the needle by the suspension thread over the 
water, so as to observe the reflected image of the needle : 
if the two lines of the needle and its image be parallel, 
then it is evident, from the nature of the experiment, that 
the needle is perfectly horizontal ; if not, we must adjust 
the branch of suspension until this result be obtained.* 

166. Mayer^s Dipping Needle. — ^With a view of avoiding 
the errors incidental to the dipping needle as usually con- 
structed, Mayer employed a needle having a projecting 
steel screw, very accurately centered, on which a small 
brass ball was made to traverse, so as to deflect the needle 
from the true inclination by any given quantity. In this 
case, as is evident, we never get the correct dip in any one 
observation, the position of the needle being partly due to 
gravity : by reversing the instrument, however, as in the 
preceding experiments (153), the effect of gravity becomes 
separated from the magnetic force, and thus the true dip is 
ascertained. 

167. All these indirect methods of observation, although 
extremely worthy of consideration, are still open to many 

Taking the oscillations in the inclined and horizontal positions, we 
have, in substituting cos. d for sin. d. 



COS. d « 



T« 



* This nicthocl of obtaining a horizontal line was first proposed by 
the author in 1832, and will be found in his paper on the Horizontal 
Needle, in the 13th vol. of the Edin. Phil, Transactions, Part I. Plate 
II. It is extremely simple and perfect, and has been since practised in 
the Magnetic Observatory at Greenwich, and in other observatories. 
The error of horizontality by reflection being double the real error, it is 
very easy to detect the least deviation from the horizontal position. 
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sources of error inseparable from sucli investigatioiis, and 
it is very doubtful after all, whether, by a well-constructed 
instrument such as we have described, Eg, 98, we may 
not, by a series of reversed observations (153), obtain 
as near an approximation to the truth as is likely to be 
arrived at. 

Sabine, in 1821, determined the inclination of tho 

needle in London, by tho two methods of oscillation, and 

by Mayer's needle, and arrived at the three following 

results : 

Mayer's needle, 70® 2'-9. Methods of oscillation, 70<» 4' and 70° 2'*6. 

Barlow, a few years subsequently, by Gilbert's dipping 
needle, obtained the following : 

69°68'-4. 70O0'. 69<> 63'. 70'* I'S. 

By the latter observations with Gilbert's needle, there 
appears to be an uncertainty or difference in the action of 
the needle, of about 9^ which, considering the nature of 
the force acting on it, is inconsiderable. K we suppose the 
needle within 9' of its true position, then the force acting 
on it, being as the sine of the inclination, will be to the 
force acting on it at 90®, or at right angles from its true 
position, as radius to the sine of 9', or as 1 : 0026. Now 
this is so small a result, that the least defect in the 
balancing, or in the axis of motion, or any minuto rough- 
ness in the agate planes, or the interposition of dust, or 
other accidental causes of disturbance, would be sufficient 
to arrest the needle in such a position. 

158. The axis of the dipping needle by Michell, made by 
Naime, for the Board of Longitude, in 1772, rested on fric- 
tion-wheels, four inches in diameter ; the extremities of the 
axis being of gold, alloyed with copper, and turned down 
to fine pivots. The needle in this instrument was a foot 
in length. The principle of agate planes was adopted by 
Cavendish, in the. dipping needle made for the Boyal So- 
ciety, in 1776. 
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The most refined method of monnting the dipping 
needle is nnquestionably the method of friction-wheels. 
Two main wheels only should be employed for the extre- 
mities of the axis to roll on ; these should be about two 
inches in diameter, mounted on fine pivots, set in jewels, and 
with a flat poHshed circumference. To prevent the axis of 
the dipping needle from slipping to either side, similar but 
smaller check- wheels should be employed, as represented 
in fig. 81, page 126 : this is, incomparably, the best method 
of obtaining great freedom of motion. 

159. Dipping Needle De^ec/or.— We must not close this 
branch of our subject without noticing a most valuable and 
ingenious instrument, by Mr. R. W. Fox, of Falmouth, and 
termed by him a dipping needle deflector. In this instru- 
ment the needle, being accurately poised, is mounted on an 
axis, and placed within a cylindrical case, faced with glass, 
similar to a watch-case. The needle is about seven inches 
in length, and the pivots of the axis turn in jewels ; and 
there is a finely divided circle, with a vernier, for esti- 
mating the inclination of the needle. The whole is set 
vertically on a firm tripod base, with levelling screws, 
and admits of being turned into any azimuth. A small 
telescope, moveable in a vertical plane, and frimished with 
cross wires, is attached to the back of the case, to which is 
added a brass tube with a lens, for throwing a bright spot 
of light upon a white plate behind it. For solar observa- 
tions there are also two small tubes of brass, which may 
be applied to the telescope tube, for receiving two cylin- 
drical magnets, and which are so arranged as to admit 
of being turned into certain positions for deflecting the 
needle. The back of the caise has also a divided circle on 
it, with a vernier carried by an arm at right angles to the 
telescope. 

In measuring the angle of the dip by this instrument, 
we carry out a series of common observations, in the way 
already described (153). The observed dip is to be cor- 
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rected by screwing on one of the deflectors at right angles 
to the telescope tube, so as to deflect that end of the 
needle nearest to it. The deflector is now turned a given 
number of degrees from the observed dip, so as to deflect 
the needle by a certain amount, and then a similar number 
of degrees in the reverse way, so as to deflect the needle 
in the opposite direction ; then, supposing the needle, in 
these two cases, to stand first at 52**, and secondly, at 
87° l(y, the mean of these would be 69° 35', the angular 
quantity sought. 

Our limits do not admit of a more detailed notice of 
this beautiful instrument, which is not only a dipping 
needle, but is also available for a great variety of impor- 
tant magnetic researches, and has been successfully and 
extensively employed. A particular account of it, however, 
will be found in the Reports of the Royal Polytechnic 
Society of Cornwall. 

160. The following are the most celebrated of the instru- 
ments hitherto employed for determining the dip of the 
magnetic needle : — Michell's dipping needle, described in 
the Philosophical Transactions, in 1772; Cavendish, in 
1776 ; dipping needle by Dr. Lorimer, to be used at sea, 
in 1775 ; dipping needle by Daniel Bemouilli ; dipping 
needle by Mayer of Gottingen, in 1814 ; dipping needle by 
Messrs. W. and T. Gilbert ; dipping needle by Gambey, of 
Paris, 1830; Professor Lloyd's instrument for observing 
the dip (Memoirs of Royal Irish Academy, 1835) ; Fox's 
dipping needle deflector, 

INSTRUMENTS FOR DETERMININa THE DECLINATION, AND FOB 
MEASURING CERTAIN SMALL PERIODICAL CHANGES IN THB 
HORIZONTAL AND INCLINED NEEDLES. 

161. The declination and inclination of the magnetic 
needle not being, as just observed, everywhere the same, 
and being, further, found liable to certain small fluctuations 
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of a sectdar charaoter, it becomes a matter of great scientific 
importance to ascertain the amount and nature of such 
changes ; and with this view certain instruments have been 
invented, which remain now to be briefly described. 

The mere fact of the declination of the horizontal needle, 
together with an approximative value of the angular differ- 
ence with the true meridian, maybe, arrived at by two very 
simple methods. If the observation be made on shore, it 
will be sufficient to draw a line, in the direction of the true 
meridian, upon some firm plane base, such as a block of 
marble or wood. The direction of this line may be ascer- 
tained by means of a linear shadow, thrown, when the sun 
is in the meridian, from a plumb-line, or a slender needle 
set upright on the plane, and which maybe sufficiently well 
determined by watching the shadow, and taking it at the 
least length; or by any other simple astronomical obser- 
vation. Having determined, and carefully laid down, this 
line of the true meridian, we place a delicate compass, with 
a graduated card (142), immediately on it, bringing the 
north or south points of the card coincident with the true 
meridian line. If the card be well graduated, the needle 
will show, to a fraction of a degree, its deviation either east 
or west of the meridian. If a fine compass be not at hand, 
we may employ a simple magnetic needle, centered on the 
line of the meridian, and shielded from the air. Having 
marked its line of direction, proceed to measure the angle 
of this direction with the meridian by a common protractor 
or other mathematical instrument. The magnetometer of 
oscillation, accurately centered on the true meridian, may 
be advantageously employed in this observation. 

A second similar method — ^and which, with a little care, is 
available at sea — consists in suspending a plumb-line, when 
the sun is in the meridian, over the common sea compass, 
and in such way as to cause the shadow to fall directly 
across its centre ; then the rhumb, or point, on which the 
shadow falls, is the declination or variation of the needle. 
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If thd compass card have a divided circle about it, the 
observation is, of course, more exact ; but we may always 
determine it within a quarter point. The exact moment at 
which the observation should be made, is when the shadow 
is the shortest, or when a good time-keeper is at the hour 
of the meridian. 

Such methods, although very practicable and simple, for 
common purposes, are still not sufficiently refined, when we 
require to observe the declination of the magnetic needle, so 
as to involve angular quantities of small amount. In this 
case we must have recourse to magnetical instruments, con. 
structed for this particular purpose — such as the azimuth 
compass, abeady described. For the purpose of detecting 
and registering extremely small secular changes in tho 
direction of the needle, we require magnetical instruments 
of the most delicate and refined description ; these are prin- 
cipally the following : 

162. The Variation Gompaas, — The most perfect of this 
class of instrument is that employed by the late Colonel 
Beaufoy, for the capital series of observations recorded by 
him in the * Annals of Philosophy,' between the years 1813 
and 1821. It is partially represented in ^g, 100. 

In this compass the needle ^ n is a slender and pointed 
cylinder, 10 inches long, and only the -y^th of an inch in 
diameter. This needle is placed within a narrow cylindrical 
case or box 8C n, the base of which is a brass plate moveable 
upon a central pin c, under the point of suspension of the 
needle. This plate has two segments of a circle, one under 
the needle at each extremity, upon which is drawn a central 
or axial line, and at the extremity d of the box is a vernier 
and index, pointing to the divisions of a finely divided arc 
a h, attached to a large plate of brass, p p, beneath it, and 
moveable also on the central pin at c. The plate c n, car- 
rying the vernier, has a frame furnished with a clamp screw 
and a tangent screw, one to fix it to the arc a &, the other 
to give it a slow motion about^ the centre c. The lower 
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plate P F STiBtaiDB a transit telescope t iromediately over 

the centre of the needle. The whole ia placed on a firm 

mahogosf 'base not shown in the figure ; this rests on three 

Kg. 100. 



levelling soreWB, and there is also a microscope placed over 
one extremity, s, of the needle, by which its coincidence 
with the asial line on the segment beneath is minutely ob- 
served. It being onr object to convey a simple idea of the 
principle of this instrument, several minor details have been 
omitted, both in the figure and the description, for the sake 
of perspicnity. 

In order to observe from time to time the amallesfc varia- 
tion in the direction of the needle with this inetrument, it 
is first accnrately levelled, and the vernier D set at zero of 
the arc The telescope T, with an additional object-glass, 
is then directed to the axial marks nnder the extremities 
an of the needle, by which we ascertain them to be in the 
plane of the motion of the telescope ; if not', the telescope 
can be rectified so that they shall be. We now adjust the 
telescope in the true meridian by the usual transit of the 
stars across it ; an adjusting screw acting on thebiass plate 



THE VARIATION COMPASS. 1G9 

p P, carrying the telescope and fixed to tLo base bcneatL, 
but not shown in the figure, being used to turn the whole 
about the centre c when requisite. If the instrument is to 
be a fixture, distant marks are set up to fix the direction of 
that line. We now allow the needle to settle quietly, and 
then turn the box son until the needlo corresponds with 
the axial line or the segments beneath ; the clamp screw, in 
the frame at d, is then fixed, and we proceed to give the com- 
pass box a slow motion by means of the side or tangent screw, 
until an exact coincidence, as seen through the microscope, 
is obtained : the vernier at d now shows the precise varia- 
tion of the line of the needle from the. true meridian.* 

163. Ba/tlow*9 Variation Needle. — The small amount of 
variation in the direction of the magnetic needle observable 
by such instruments as the variation compass may be con- 
siderably magnified by a most ingenious process proposed 
in the year 1823, by Professor Barlow, of Woolwich. It 
occurred to this distinguished philosopher, that if a delLt 
cately suspended needle were placed imder the influence of 
magnetic bars, so as to deflect it &om the meridian, even so 
as to render it indiflerent as to directive position, then the 
changes in the directive force operating on it, whatever it 
be, would become extremely sensible, and distinctly marked 
by changes in the position of the needle. Suppose, for ex- 
ample, by the application of a magnetic bar, as represented in 
figs. 88, 90, the needle were deflected so as to stand 8 points 
from its natural direction, it would then be observed to vary 
through more than 3 degrees in the course of 24 hours. 

In this kind of experiment the needle of observation may 
be brought, by means of magnets properly disposed, into 
any required position. We may, for example, deflect it 
- eastward or westward of its meridian, or even reverse its 
position altogether. We shall have occasion to refer to the 
results of this method of observation hereafter. 

* For a particular description of this instrument, see 'Annals of 
Philosophy/ August 1813. 
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Fig. 101. 




164. TJie Declination Magiiet. — This instrument consists of 
a delicately suspended magnetic bar n s, fig. 101, about 2 feet 

in length, 1 J inch 
wide, and ^ of an 
inch thick. This 
bar is furnished 
with two sliders of 
brass, a h, one of 
which, a, carries a 
lens, the other, 5, 
a compound plane 
glass, consisting of 
two plane glasses 
brought close to- 
gether,andhaving 
between them a 
cross of cobwebs adjusted to the focus of the lens. The 
suspension thread consists of several fibres of unspun silk, 
and deprived of all torsion. The bar is rendered perfectly 
horizontal, and the whole is enclosed in an appropriate 
circular case to shield it from the air. 

The declination of the magnet is observed with this in- 
strument by means of a theodolite and telescope placed 
firmly at the distance of 8 feet, and directed in tlie axis of 
the bar, in the line of sight n t, through the lens a, to the 
cross of cobwebs in the plane glass h, and which moves as 
the magnet moves. "We are thus enabled to record the 
apparent position of the magnet at any instant with respect 
to the reading of the divided limb of the theodolite. Now 
the telescope of the theodolite can be turned so as to ob- 
serve the stars as they pass over the true meridian, so that 
the difference in the reading of the theodolite, when directed 
to the true meridian, and when directed to the cross of 
cobwebs in the magnet, is the declination of the magnet, or 
angles of inclination of the magnetic and true meridians, at 
any particular time. 
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We are indebted to Professor Gauss, of Gk)ttingen, for 
tliis method of observatioD, by which the most minute 
motions of a suspended bar are rendered sensible. In fact, 
a magnetic bar, thus suspended and observed, is seldom 
seen perfectly at rest, and is, moreover, found subject to 
certain periodical disturbances ; it becomes, therefore, re- 
quisite to watch the magnified motions, and determine 
&om these the mean position of the bar, as the cross passes 
through the field of view of the telescope. To get the 
mean position accurately, we require at least three readings 
of the magnetic oscillation; the interval between the first and 
last reading being equal to the time of a double oscillation. 

The declination magnet employed by Professor Uoyd in 
the Magnetic Observatory at Trinity College, Dublin, is 
only 15 inches in length ; the glass 6, fig. 101, carries a 
divided scale, the true meridian is determined by a regular 
transit telescope, and the theodolite of observation is placed 
in the meridian of the transit, in a point of the plane cut 
by the magnetic axis of the suspended bar. 

165. The Horizontal Force Magnet — The object of this 
magnetical instrument is to measure and determine certain 



Fig. 102. 



small changes found to occur 
from time to time on the di- 
rective force of the horizontal 
needle. It consists of a mag. 
netic bar, N s, fig. 102, similar 
to the former, suspended by 
two parallel threads of unspun 
silk fibres, a h and c d; q» 
mirror, m, is attached to the 
centre of the bar, in which is 
reflected a divided scale fixed 
to a wall about 8 feet dis- 
tant from it. The method of 
observation with this instrument is as follows. The 
suspended bar is first constrained to take an east and west 

i2 
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direction, or a direction at right angles to tlie magnetic 
meridian, or nearly so. This is effected by twisting the bifilar 
suspension in the way already described (132). The bar is 
consequently placed in equilibrio by the reactive force of 
the suspension with the force tending to restore it to its ori- 
ginal position at any given instant, so that the least change 
in that force, whatever it be, is accompanied by a slight move- 
ment of the actual direction of the bar. Now this move- 
ment, however small, is discernible by means of a reading 
telescope directed towards the mirror, in which the fixed 
scale is reflected, different numbers of the scale being seen 
in the telescope, and the divisions estimated to the last 
degree of precision. By this instrument it is found that 
the magnet is drawn less towards the north at noon, and 
more towards evening. 

In the bifilar suspension, as applied to this instrument, 
the torsion-circle, by which the threads are turned upon 
each other (132), is placed at a c, fig. 102, on the brass 
frame or stirrup carrying the bar and mirror, and the 
threads of suspension pass round grooved wheels, so as to 
admit of the distance between them being adjusted and 
varied if required. 

The horizontal force magnet, as employed by Professor 
Lloyd at Dublin, carries a light tube beneath the stirrup, 
in which is a lens and finely divided scale, for directing the 
line of sight, as in the former instrument (164), forming 
what is termed a collimator, 

166. With a view of restraining the oscillations of the 
horizontal and bifilar magnetometers, the magnets are now 
placed within the influence of thick bars of copper, by which 
they are surrounded, after the method first proposed and 
applied by the author to the purpose of arresting the oscil- 
lations of the compass as used as sea, and rendering the 
needle steady under the motion of the ship (151). 

'\G7, The Vertical Force Magnet — This instrument is ap- 
plicable to small changes in the force by which the horizontal 
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needle tends to -take up a position more or less inclined to 

the horizon. A mag- Fig. 103. 

netic bar, a &, fig. 103, i^ 

is mounted on a cen- ir=< - ' 1 - s 

tral axis at c, reduced 




to knife edge, similar 
to the axis of a com- 
monbalance : this axis 

rests on plates of agate, based on the pillars m ti of a solid 
frame of brass. There are two screw-pieces, a &, one at 
each end of the bar, by which any degree of inclination in 
a position of rest can be changed, or the centre of gravity 
of the whole raised or depressed. A mirror, m, is fixed 
centrally oyer the axis, in which is reflected a finely divided 
scale fixed to the stand of a telescope, directed towards the 
mirror, as with the preceding instruments. 

The instrument being properly adjusted in the magnetic 
meridian, the observer sees, through a glass plate in tho 
side of the box in which the magnet is enclosed, the divi- 
sions of the vertical scale fixed to the stand of the reading 
telescope, as reflected in the mirror ; as the magnet inclines 
more or less to the horizon, these divisions and numbers on 
the scale are observed to change, and thus the most minute 
variation of the force, which causes the magnet to incline, 
is finally deduced. It is, for example, found by this instru- 
ment, that at 2 a.h. the north pole is less drawn towards 
the horizon than at 4 p.m. 

168. The magnetical instruments last described, viz. tho 
Declination Magnet, the Horizontal Force Magnet, and the 
Vertical Force Magnet, have been set up, in various parts of 
the world, in magnetic observatories peculiarly fitted for 
their reception ; as, for example, at Greenwich, in Canada, 
St. Helena, the Cape of Good Hope, and Van Diemen's 
Island. These have been established at the cost of tho 
British Government. The Greenwich magnetic observatory 
is under the direction of the Astronomer Royal ; those in 
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Canada, Sfc. Helena, and the Cape, have been placed under 
the Ordnance Department ; and a staff of observers for them 
has been selected from among the officers and non-commis- 
sioned officers of the Royal Artillery. The observatory at 
Van Diemen's Island was entrusted to the care of officers of 
the Royal Navy. Other observatories have been established 
in other places ; as, for example, at Dublin, conducted at 
the expense of the University of Trinity College, under the 
superintendence of Professor Lloyd ; the Makerstown obser- 
vatory at Kelso, in Scotland, supported at the private cost 
of General Sir Thomas Makdougall Brisbane, Bart. ; the 
magnetic observatories at Madras, Singapore, Simla, and 
Trevandrum, at the expense of the East India Company ; 
at St. Petersburg, Catherinenbourg, Bamaoul, Nertchinsk, 
Sitka and Tiflis, supported by the Russian Government, 
which has also furnished the Russian Mission at Pekin with 
magnetical instruments. There are, also, observatories at 
Paris, Gottingen, Milan, Munich, Prague, &c. ; and it is 
proposed, when a sufficient number of observations shall 
have been made (a work of considerable magnitude and 
labour), to construct charts, showing the values of the 
declination, vnclination, and intensity of the magnetic ele- 
ments over the surface of the globe. 

169. In the construction of these observatories, the pre- 
sence of iron is entirely excluded, and the most elaborate 
care has been taken to perfect the observations. The posi- 
tion of the three instruments is such as not to influence 
oach other's motions, and it admits of the observer direct- 
ing his reading telescope to either instrument without 
changing his position. This is combined with a ready 
means of observing, by the ordinary astronomical methods, 
transits of the stars, and of determining the relative posi- 
tions of the lines of the true and magnetic meridians at any 
given moment : there is also a complete set of corrections 
for changes likely to be effected in the bars from heat. 
Ixjidex errors and other disturbing causes have also been 
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deduced, and thus notliing is left unprovided for reqxdsito 
to an accurate result. 

Observations with these instruments have been generally 
made every two hours, and the divisions of the respectivo 
scales, as reflected in the mirror of each instrtunent, duly 
noted: these readings are subsequently converted into 
measures of the changes in the declination or variation to * 
minutes or seconds of a degree, and of the horizontal and 
vertical forces to thousandth parts of the whole or total 
force operating on the bars. 

170. These two-hourly observations have been lately 
superseded in the observatory at Greenwich by a sort of 
perpetual registration of the instruments, by means of 
photography, and with so much success, as to entitle Mr, 
Ronalds and Mr. Brooke, the inventors of the process, to a 
reward of 600?., offered by the Government for the best 
means of saving a large ^nd severe amount of personal 
labour. A gentjral idea may be formed of this process by 
imagining that, instead of the scale of inches being reflected 
from the mirrors, a narrow ray of light from a lamp is re- 
flected, and which moves as the mirror moves, and that in 
this way a spot of light is made to travel upon a screen 
fixed so as to receive it, and over which it moves without 
the least firiiction; — conceive now that this spot of light 
moves upon a screen of photographic or sensitive paper, 
enclosed within a dark and enclosed space ; and imagino 
the sensitive paper to be rolled round a cylinder, turning 
upon an horizontal axis once in twenty-four hours, then 
the path of the light thrown from the mirror upon the 
paper will be recorded from moment to moment by the dis- 
coloration of the paper in consecutive points. Finally, tho 
impression is made permanent at the end of each twenty- 
four hours by removing the paper and applying the usual 
photographic means for that purpose. The papers thus 
preserved become perpetual records of the continued varia- 
tion of the forces operating on the bars. 
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In tlie Grcenwicli observatory, the registrations of tho 
llglit from tlie mirror of the horizontal force magnet (165) 
correspond to a circle of twenty-four feet radius, and 
extend over five inches of the photographic scale, so ttat 
a variation of the one-thousandth part of the horizontal 
force acting on the magnet will cause a deviation of the 
spot of light through ^^ of an inch on the paper ; and 
in the vertical force, -^Vir of an inch are estimated in a 
similar way. 

The magnets, lamps, and registering cylinders are shut 
Tip in long rectangular cases of zinc, and the ordinary me- 
teorological instruments are also registered in conjunction 
with the magnets. 

We are indebted to Gauss, a celebrated German astro* 
nomer and mathematician, for the first commencement of 
regular magnetic observatories fitted with instruments of 
this kind ; and although our own country cannot claim any 
merit in originating such observatories, she has neverthe- 
less speedily followed out the system with a generous, 
noble, and liberal ardour, both at home and in her colonies, 
in every way worthy of the national science. 

171. We have now gone carefully through the principal 
theoretical and practical phenomena requisite to the pro- 
gress of further investigation in this most interesting 
branch of natural knowledge, and without a full compre- 
hension of which the many wonderful and important 
relations of magnetism to the system of the world, and to 
the general purposes of mankind, cannot be either fully 
appreciated or understood. It will be our endeavour in a 
succeeding Part to apply the knowledge we have thus 
acquired to the elucidation of the several physical inquiries 
which the mysterious^ subtle and universal agency of mag- 
netism involves* 
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CHAPTER VI. 

LAWS OF HAQNETIO FORGE. 

IVeliminary Observations— Experiments of Hawksbee, Brook Taylor, and 
Whiston ; MuschenbroeVs Experiments — ^Experiments and Observa- 
tions by various Authors — ^Lambert's celebrated Memoirs — The Me- 
moirs and Experimental Investigations of Coulomb — ^Hanstein's 
Besearches — Theoretical and Experimental Inquiries by the Author— 
BarloVs Deductions and Experiments on Iron Shells. 

172. The wonderfiil influence of ma^eidsm as a physical 
agent would necessarily lead to an investigation of tlxe laws 
by which its operations are regulated. The first and most 
obvious step in such an inquiry would be the general law of 
change in the effective force of magnetism as the distance 
at which it acts is varied, or, in other words, to find accord- 
ing to what law two magnetic particles attract or repel each 
other magnetically as the distance between them is increased 
or decreased. 

But, before entering upon this question, it may not bo 
unimportant to the student to review briefly the numerical 
and mathematical elements essential to the progress of such 
an investigation. 

173. We have first to observe — That when any two quan- 
tities are so linked together that one of them cannot bo 
changed in any degree without some relative change taking 
place in the other, then the one quantity is said to vary in 
some particular ratio of the other, either directly or in- 
versely. 

Suppose, for example, the power of a magnet to increase 
when that peculiar condition of its molecules which we 
term magnetic becomes exalted, or reciprocally to decrease 
when that condition becomes depressed, then the force is 

i3 
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said to vary in some proportion of the magnetic intensity 
directly. In this case, the two quantities both increase or 
decrease together. Again, the magnetic condition being 
the same, suppose the attractive force to increase, when 
the distance of its action is diminished, or to decrease 
when that distance is mcreased. In this case, the force is 
said to vary in some proportion of the distance ; inversely, 
since one of the quantities increases as the other decreases ; 
or conversely, one decreases as the other increases. We 
may, however, as is evident, have a great variety of dif- 
ferent relative proportions according to which such changes 
may ensue. It might be, for example, that when we 
doubled the exaltation of the magnetic condition, the force 
of the magnet would be also doubled, or it might be quad- 
rupled, or increased in any other direct proportion, in 
which case the force would be said to vary, as the first, 
second, third, <fcc., powers of the magnetic intensity, as the 
case may be ; and this also applies to the several inverse 
ratios as it respects the force and distance of its action.* 

* Not to leave anything connected with these inquiries tine3cplained» 
we venture to remark : — 

That the successive multiplication of any given number by itself con* 
stitutas what have been termed powers of that number. Take, for ex- 
ample, the number 4, and multiply it by 4 ; then we have, adopting tho 
common arithmetical signs, 4x4 = 16. We have here two factors, pro- 
ducing 16 ; hence 16 is said to be the second power of 4, usually called 
the square of 4. 

In like manner, again multiplying by 4, we hare 16 x 4 = 64, which, 
being the same as 4 x 4 x 4, gives three factors ; hence 64 is termed the 
third power of 4, commonly called the cube of 4 ; and so on. 

Such powers are represented by a small figure, called an index, 
placed at the head of the given number ; thus, we may write successive 
powers of 4 thus — 

4', 4«, 4*, 4», 4«, &c. ; 

thereby showing that 4 is multiplied into itself 2, 3, 4, &c. times. We 
may observe here, that in taking the indexes in the reverse direction, 6, 
6, 4 3, 2, &c., we should fall back upon 1, and even upon zero or 0, and 
hence arrive at 4^ and at 4'', that is, 4 raised to the first power, and 4 
raised to the power of nothing ; so that 4 taken as a single factor may 



INYERSE EATIOS. 179 

1 74.^ Taking the inverse or reciprocal proportions as being 
in the' present inquiry well adapted to farther explanatory 
illastration, we have to observe — ^First, that when the force 
decreases in' precisely the same inverse proportion as the 
distances increase, or reciprocally ; that is to say, if at half 
the distance the force be twice as great, at one^Mrd the 
distance three times as great, and so on, then the force is 
said to vary in the inverse simple ratio, or first poweri of the 
distance, since we take the simple nmnbers, !» 2, 8, &c. to re« 
present the increase of the force. Supposing, however, that 
at one-half HhQ distance the force becomes /oi*r times as great, 
at one-third the distance nine times as great, and so on. In 
this case the force would be said to vary in the inverse dupli* 
cate ratio, or second power of the distance, since, to repre- 
sent numerically the increase of the force, we must multiply 

be considered as the first power of 4. With respect to 4^ of any other 
number whateYer, raised to the power of 0^ its value is always unity or 
1, as ii^ seen in any of the ordinary works of Algebra. Taking a to 
represent any number whatever, we have hence the following series :— 

a®, a», a«, a», a*, &c. 
When we again revert to the number from which any given power had 
been obtained, we are said to extract the 2nd, 3rd, 4th, &c. root, as the 
case may be. Thus, the third root of 64 would be 4, since, as just re- 
marked, 4x4x4b4'»64;so likewise the second root of 16 would be 4| 
since we have 4x4 — 4^ssl6; and the second root has been called the 
square root, the third root the cube root. 

In like manner, we have the 5th root of d2«a2, since 2 x 2x2x2x2s> 
2' = 32. 

These roots are often represented by a fractional index, that is, by 
dividing the index of the power by the index of the root we wish to 
extract. Thus the square or 2nd root of 3 to the first power may be 

expressed thus, 3^; the cube or 3rd root of 6 by 6 , the square root of 

the 6th power of 2 by 2", and so on. In this sense We are said to raise 
the given number to the power of J, or J, or |, as the case may be. 

Commonly, such roots are represented by the index of the given root, 
placed within the sign v' ; thus, for the cube root of 3, we write -^ 3, for 
the 5th root of 2 4^2. In thus representing the square root of any 
giren number, the small figure for the index is commonly omitted 

thus, for square root of 9, wo write simply a/9. 
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the immbers 1, 2, 3, &c. into themselves, taking their «econd 
powers or squares. In a similar way, cases may arise in 
which the increase or decrease of the force is such as to 
require the third power or cubes of the numbers 1, 2, 3, 4, 
&c. to complete the proportion. This would arise when, at 
half the distance, the force had increased 8 times, at J the 
distance 27 times, and so on. In this case the law of the 
force is said to be as the cubes of the distances inversely, 
or in the inverse triplicate ratio of the distances ; and thus 
we may continue for any other powers of the numbers 1, 2, 
3, <fec., so as to express laws of force in the inverse ratio of 
the 4th, 5th, 6th, or any other powers of the distance, did 
such forces exist. 

A similar reasoning applies to forces increasing or de- 
creasing in any inverse proportion less than that of the mere 
distance, as in the case of a force becoming doubled at ^ the 
distance, trebled at ^ the distance. In this case the force 
would be said to vary inversely as the square roots of the 
distance, since we must take the square roots of the numbers, 
1, 4, 9, &c. to fulfil the proportion. In this way we ex- 
press the law of force for any other roots of the distances, 
Buch as a cube, or 3rd root, the 4th root, &c. ; and since 
these roots are mathematically denoted by fractional indexes, 
we may consider such forces as being in the inverse ratio of 
the •^, -J-, ^, &c. powers of the distances. 

175. We may further extend this inquiry to cases of roots 
of the simple or other powers, such, for example, as the 
square root of the cube of the distance, being, as expressed 
mathematically, the cube of the distance raised to the power 
of •^. An inverse proportion of this kind has been termed 

* sesquiplicate,' and would apply to a case in which, by 
decreasing the distance to ^, ^, &c., the force becomes about 
3 times and 5 times as great, or very nearly. ' In like manner, 
we may obtain forces varying in the inverse ratio of the 
square roots of the 5th powers of the distances, termed, 

* Bcsquiduplicate,' and which applies to a case in which, by 
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Ireducing the distance to ^, ^, ^, &c., the force becomes 
increased between 5 and 6 times, and between 15 and 16 
times, and 32 times respectively. In this way abnost any 
observed experimental results, demonstrative of any parti- 
cular law of force, may be mathematically represented. 

176. The particular inverse ratio comprised in a series of 
experimental numerical results of this kind may be easily 
discovered by a slight inspection, since the forces multiplied 
by the simple or some other power of the corresponding 
distances should, in each particular case, give the same pro- 
duct. Thus, if at distance 12 the force were 8, at distance 
one-half or 6 the force became 16, we have in this case 
12 X 8=6 X 16=96, a simple inverse proportion ; but if at 
distance 12 the force were 8^ and at distance 6 the force 
became 32, then to obtain a coincident product, we must 
take the second powers or squares of the numbers 12 
and 6, and we should then have 12^x8=6^x32, or 
144 X 8=36 X 32=1152. In the case of direct proportion, 
the products are differently circumstanced.* 

* A complete apprebension of these practical researches and propor- 
tions being essential, the followiDg numerical examples may not be alto- 
gether uncalled for : — 

Let the distances be taken in some nnit of measure, say tenths of an 
inch, and the corresponding forces in any other unit of measure, say 
degrees of an arc, as in the way described, sec. 128. 

Suppose, as a first example, we had obtained the following results :— 

At distances . • • • 12* 6* 4 
The forces are .... 6 10 15 

Here we have the inyerse simple proportions — 

6: io::6: 12, and 5: 15::4: 12, and 10: 15::4:6. 

Product of distances and forces » 60. 
As a second example, let the results be-^ 

At distances • • • t 12* 6* 4 
Forces 2* 8 18 

Here we hare an inverse duplicate ratio, or square of the distance, 
furnishing the proportions— 

2 : 8::6» : 12», and 2 : 18::42 : 12^ and 8 : 18::42 ; 6^; 

thatis,2:8::36 : 144, and 2: 18::16: 144,and8: 18::16 : 36. 
product of forces by squares of the distances = 288. ' 
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177. We have been desirons to {^ace this question before 
the student in a simple and intelligible form, principallj 

As a third example, snppose the experimental numbers were^ 

At distances 16 and 4 

Forces are 2 ,, 128 

This would furnish a proportion inversely as the cube of the distance, 
and we should haye — 

2 : 128::4' : 16*; that is, 2 : 128::64 : 4096. 
Product of forces by cubes of the distance =8192 ; 

and so on for other changes of distance, or any other powers. 
Let now the results be — 

At distances • .... 16 and 4 
Forces 3 „ 6 

In this case we should hare a proportion in the inverse ratio of the 
square roots of the distances, and we should obtain the inverse propor- 
tion — 

3 :6::42: 16^; that is, 3 :6::a/T: a/16, or 3 : 6::2 : 4. 

Product of forces by square root of the distances » 12. 

Again, let distances and forces be thus— 

At distances 27 and 8 

Forces 6 „ 4 

Here we have the inverse proportion of the third or cube roots of the 
distances, and we obtain — 

6:4::27^:8^ ; that is, 6 :4::-^7 : ^, or 6 : 4::3 : 2. 

Product of forces by third roots of distances = 12 ; 

and so on for any other root^. 

The following are examples of sesquiplicate and sesquiduplicate in- 
verse proportions, being fractional powers or roots of powers. 

Suppose that — 

For distances « • * . • 12 6 4 
Forces were • . • . .6 142 26 

Here the forces are in inverse proportion to the square roots of the 
cubes of the distances, or in inverse sesquiplicate proportion, and we 
obtain such a proportion as this, for distances 12 and 6 — 

3 3 

6 : 14-2::65 : 12^; that is, 5 : 14-2:: V^8 : A7l2»,or 

5 : 14-2:: ^"216 : Vms, or 5 : 14-2:: 147 : 41-5 nearly. 

Product of forces by square roots of cubes of distances =208 nearly. 
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on acconnt of the great importance of sncb inqniries to 
the general progress of science and theoretical knowledge. 
Thns Newton demonstrates, in his great work, * The Prin- 
cipia,' that if the particles of common matter act on each 
other with a force varying in thb inverse proportion of the 
squares of their distances, then the sensible action of hollow 
or solid spheres on each other will be the same as if all 
the matter of which they consist were collected in their 
centres, and that a particle placed anywhere within them 
would be in eqnilibrio, and not tend to move in any one 

A similar proportion is evident for the remaining forces and distances. 
As a last example — 

Let distances be • • • • 12 6 3 
Andfoices 4 22*5 128 

Here the forces are in an inverse sesquiduplicate proportion, or in an 
inverse proportion to the square roots of the 6th power of the distances, 
and we obtain for distances 12 and 6 the following : — 

4 : 22-5::6^ : 12^, or 4 : 22-6:: a/6* : V'12» ; that is, 

4 : 22-6:: a/7776 : V248832, or 4 : 22-6:: 88-5 : 499 nearly. 
Product of forces by square roots of 5th powers of distances = 1 996 nearly. 

The numerical operations in these examples have been taken as the 
numbers stand, without regard to any farther reduction ; but, as will be 
evident on examination, the arithmetical processes maybe made smaller 
by taking the ratio of the distances and forces, instead of the distances 
and forces as given by experiment, when that can be done conveniently. 

In cases of direct proportions, the products are obtained by a method 
the reverse of this. We then multiply the terms crosswise, as it were. 
Suppose, for example, in three experiments, in which the magnetic in- 
tensity varied, we had obtained the following :— 

Magnetic intensity . • • .1 2 3 
Force ...... 4 8 12 

In this case of direct proportion, the magnetic intensity is not multi- 
plied into its corresponding force, but into the force of the intensity 
with which it is compared. Thus, comparing intensity 1 with intensity 
3, we have 1 x 12 = 4 x 3 » 12 ; or, comparing intensity 2 with intensity 
3, we have 2x12 = 8x3 — 24, passing on crosswise of the table. In 
fact, we have here 1 : 3::4 :12, or 3 x 4 = 1 x 12; also 2 : 3::8 : 12, 
or3x8 = 2xl2j and this iapplies to direct ratios involving powers or 
roots, as before. 
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direction, which he shows could not be the case under any 
other law of force. So, likewise, if the hidden source of 
electrical and magnetic phenomena be, as many suppose, a 
subtile elastic fluid of a specific kind, then, as was observed 
by the Honourable Henry Cavendish, in some of his manu- 
scripts, such a fluid would be similar to air, if the repulsive 
force between the particles were inversely as any power of 
the distance greater than 8, only that the elasticity would 
be inversely as the n+2 power of their distances, or as the 

-~ — power of the density of the fluid ; n being any 
o 

number exceeding 3. But if t* be equal to or less than 3, 
such an elastic fluid would be very different from that of 
air. Again, the times in which the planets . revolve about 
the sun are in a sesquiplicate ratio of their distances from 
the centre, and not in a duplicate ratio. Hence, observes 
Cheyne, they * cannot be carried about by an harmonically 
circulating fluid,' as was supposed by some of the ancient 
philosophers. 

We may further remark in respect of magnetism, that 
the force by which a magnetic needle is drawn towards its 
meridian when deflected from it (21), or towards a magnet, 
increases as the sine of the angle of the obliquity of action 
directly. Hence, as observed by Professor Robinson, we 
cannot pretend to explain the action of a magnet by the 
impulsion of a stream of fluid, or by pressure arising from 
the motion of such a stream ; for in this case the pressure 
on the needle must have diminished directly as the square 
of the sine of the angle at which the magnetic force ope- 
rates on the needle. For example, the force at a right 
angle, or 90 degrees, should be four times greater than the 
force at an angle of 30 degrees, whereas it is found to be 
only twice as great ; being simply as the sines of the angles. 
It is therefore by the determination of the laws of such 
forces that we are enabled to advance our knowledge of the 
powers of nature. 
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178. Beside these preliminary ozplanations (173), there 
remain still to be considered one or two additional points 
eqnallj essential to an intelligible and plain view of the 
questions involved in such inquiries^ and the real sense in 
which we are to accept such expressions of the law of varia- 
tion of certain forces as we have jnst cited (173). 

To suppose any effect to be as the square or cube of its 
cause, either directly or inversely, is to suppose the effect to 
proceed partly &om the cause and partly from nothing. For 
there is no axiom in Physics more evident than that which 
assigns between cause and effect a simple relation ; any ex- 
pression, therefore, which represents a force as being in any 
inverse ratio of a power of the distance greater than unity, 
may at first appear to involve an absurdity. We may hence 
infer that, when by experi- 
ment we have arrived at 
such a|conclusion, the result 
is either a mixed result, 
compounded of two or more 
conjoined actions, or it is a 
result resolvable into some 
elementary condition of a 
simple kind, depending on 
the peculiar kind of agency 
upon which the exhibition 
of force depends. Take, 
for example, the following case of a central force, or ema- 
nation of any kind, extending its power in all directions 
into space, and hence becoming weaker in proportion to the 
surface of the spaces over which we may suppose it to 
expand. Let c (fig. 104) represent such a central action ; 
suppose, for example, a central source of light considered 
as luminous matter, by way of illustration. Let ahd^mnpy 
be two great concentric circles, representing two concave 
hemispherical shells, whose centre c is the point of illumi- 
nation, and whose radii c a and c m are to each other as 
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1:2; or, in other words, tbat point n is twice as far from 
the centre c as the point h. If in this case we take any 
two homologous segments, h g,nh, of these shells, it is clear 
that the segment n h will have fonr times the area of the 
interior similar segment h g ; becanse the superficial areas 
of such shells will be in proportion to the squares of the 
diameters of their great circles mnp, and ah d, and these 
are supposed in this case to be as 1 : 2 ; so that the quantity 
of luminous matter (supposing light to be a material 
agency) which has emanated from the centre c, and fallen 
upon these shells, will in the outer shell n become distri- 
buted over 4 times the space it would occupy on the in- 
terior shell h ; that is to say, in any one point, there will be 
only ^ the quantity of light : hence the illumination of the 
arc n h will only be J of the illumination of the arc 6 g ; 
that is to say, the illumination will be directly as the 
quantity of light in a given space — a simple relation of cause 
and effect. When, however, we refer this effect to the 
distance from the centre c, we perceive that the distances 
being as 2 : 1, the illumination of the whole of each shell is 
as 1 : 4. And thus light as a physical agency has been said 
to vary in intensity in the inverse ratio of the squares of 
the distance from the centre, in the way just explained 
(174) ; but the fact is, that the illumination of an equal area 
in each shell is directly as the quantity of the agency pro- 
ducing it.* 

* The term intensity is really inappliciible here : it is a term, in 
Boience, only distinctive of quality, or of different states or degrees of 
power of the same agent ; as when we say the heat of a red-hot iron is 
more intense than the heat of boiling water, or that moonlight is less 
intense than the light of the snn. Taking a particle of light from the 
same source, we have no reason for supposing it in a different state of 
intensity at different distances from the centre of illumination. If such 
were the case, both the quantity of light in a given space, and its inten- 
sity also, would change with the distance, and the illumination would 
then decrease much faster than that of the inverse squares of the dis- 
tances. 
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179. Again, in the cases of sncli powers as those of mag- 
netism and electricity, we have to consider many conjoint 
actions (33, 37). A magnet and common iron only operato 
on each other through the medium of a reciprocal induc- 
tion (35), (38) when we change the distance of their 
action, we change at the same time the original condition 
or quantity of force in operation ; so that we may conceive 
the total force of attraction to depend on the force induced 
in the iron (33) conjoined with the reciprocal induction on 
the magnet (37) ; and it may be here remarked, that in tho 
apparent anxiety of philosophers to bring such forces in- 
discriminately under tho common law of gravity, and other 
central forces, they have probably encouraged a rather hasty 
generalization. All the forces in nature are not necessarily 
central forces : they may arise out of peculiar conditions of 
conmion matter, of which we have as yet but an indistinct 
notion, and be exerted' between given points in determinate 
directions only, as appears to be indicated in fig. 17, p. 25, 
we have yet to learn, therefore, whether the force of mag- 
netism comes under the general conditions of ordinary 
central forces or not. 

180. Newton, in his learned and profound work, * The 
Principia,* considers magnetic force as being very different 
from that of gravity : — * The magnetic attraction is not (he 
says) as the matter attracted ; some bodies are attracted 
more by the magnet, others less ; most bodies not at all. 
The power of magnetism in one and the same body may be 
increased and diminished, and is sometimes far stronger for 
the quantity of matter than the power of gravity, and, in 
receding from the magnet, decreases not in the duplicate, 
but almost in the triplicate proportion of the distance, as 
nearly as I could judge from some rude observations.'— 
Book iii. Prop. 6, 

In the 23rd Proposition of the Second Book, sec. 5, 
Newton imagines that, in magnetical bodies, * the attractive 
virtue is terminated nearly in bodies of their own kind that 
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are next them/ * The virtue of the magnet,' he says, * is 
contracted by the interposition of an iron plate, and is 
ahnost terminated at it, for bodies farther off are not bo 
much attracted by the magnet as by the iron plate.' The 
experiments we have adduced (37), fig. 29, have immediate 
reference to this observation. 

181. Of the early experiments instituted with a view of 
determining the laws of magnetic forces, we have to notice 
first those of Hawksbee, printed in the * Transactions of the 
Royal Society' for the year 1712, vol. xxvii. A short needle, 
one inch in length, being poised on a fine point, fixed in the 
centre of a graduated quadrant, a natural magnet was placed 
with one of its poles within certain measured distances of 
the centre of the needle, and the corresponding deviations 
of the needle from the meridian, noted in a way similar to 
that described, page 139, sec. 134, fig. 90. The results 
have not generally been considered very satisfactory or 
regular ; it is, nevertheless, worthy of remark, that, taking 
the tangents of tibie angles of deviation, corresponding to 
distances, which may be considered as very great in respect 
of the length of the needle, on the principles abeady laid 
down (134), then Hawksbee's results will be found con- 
sistent with each other, and, according to a law of force, 
vaarying in the inverse sesquiduplicate ratio (175) of the 
distances, as shown in the following analysis of the results : — 

Distance in inclies . 12 18 24 30 86 42 48 H 60 
Angles of deviation . 69 43-30 24 13-30 8-45 5-30 3-50 8 2-30 
Tangents of deviation. 2-6 -948 -445 '240 -153 -096 •067 '062 -043 

Taking these tangents as representing the forces, they will 
be found all very nearly in the inverse proportion of the 
square roots of the 5th powers of the distances, in some 
cases precisely.* 

* In such experiments as these, we must recollect that angles do not 
enter into ordinary calculation, except through the medium of certain 
lines taken to represent them. These lines have been termed sines, 
tangents, secants, &c. It may not be out of place to recall briefly to 
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182. Dr. Brook Taylor, in following np this method of 
experiment, was led at first to infer * that the power of 
magnetism does not alter according to any particular law 



Fig. 105. 




the student's attention the nature of the two lines with which we are 

here especially concerned, viz. the tangent and sine of an angle. 

. Every angle a c b (fig. 105) is measured 

by an arc A n B of a circle a b ^, contained 

between its sides, and described from its 

point or vertex c as a centre ; the line a b, 

joining the extremities of the arc, being 

called the chord of the arc. 

Now a perpendicular line b a, drawn from 
the extremity b of the radius c b, forming 
one of the sides of the angle, directly upon 
the other side c a, has been termed the sine 
of the angle a c b ; the length of this line, 
as is evident, will be greater or less as the angle A c B is greater or less. 

Again, the line A d, drawn perpendicular to the radius or side c A, 
upon the extremity a, and meeting the side c b, continued on to meet 
kd iR the point d, has been termed the tangent of the angle a c b. 
This line ahso will increase and decrease with the magnitude of the 
angle. 

\ If the radius c a be taken as unity, and be supposed to be divided 
into any number of parts, say 1000, or 100*00, or 10000, then these 
lines, as applying to a given angle, will be found to contain a certain 
[number of these parts. Thus, if we call radius a c = l, or unity, and 
divided, say into 100 parts, then if the angle a c b be 30*^, the sine b a 
will be one-half the radius a c, will contain 50 of these parts, and will 
be represented by '5 ; the tangent a d will, in this case, contain about 
57 parts, and will be represented by '57* Now it is these numbers, as 
calculated and arranged in tables, with which we have to do, and not 
immediately with the angles themselves. 

As all these lines, and the principles of their construction and use, 
are to be found in our elementary mathematical works, we will not 
longer dwell on them here. (See * Budimentary Plane Trigonometry,* 
p. 8.) 

Comparing distances 12 and 24, which are as 1 : 2, we have — 

2-6 : -445:: 2^5 : l ::5-65 : l, or 5-65 X •445 = 2-6, OP 2-5 = 2-6 nearly. 
Take, again, distances 12 and 18, which are as 2 : 3 ; here we have — 1 

2-6 : -948: :3a : 2^::l6'5 : 5-65, or 5-65 X 2-6 = 15-5 x '948; 

=«14'6 nearly. 
In a similar way, the products tov distances 80 and 60 are '240»*246 ; 
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of the distanoes, but decreases mucli faster in the greater dis- 
tances than in the near ones/* By subsequent and similar 
experiments, however, instituted by Whiston, Brook Taylor, 
and BAwksbee, conjointly, * the attrative power of the lode- 
stone was found in the inverse sesquiduplicate ratio of the 
distances ' (175). In these experiments they measured the 
forces by the sines of half the arcs of deviation, to which 
they endeavour to show the ' force is always proportional/ 

183. About this period, experimental philosophy began to 
make considerable advances in Holland, and to excite very 
general interest ; we consequently find the Dutch philoso- 
phers contributing largely to our knowledge of this branch 
of Physics. The celebrated Muschenbroek instituted some 
experiments in 1724, the object of which was to find experi- 
mentally the law of magnetic attraction by the method of 
weights (125). Having suspended a spherical magnet from 
one arm of a balance, and poised ifc by weights suspended 
from the opposite arm, he placed a similar magnet immedi- 
ately under it, and then proceeded to find the additional 
weights requisite to balance the attractive force at given 
distances between the opposed poles. These distances were 
regulated by raising or depressing the beam of the balance 
by means of a line passing over a pulley, and by which it 
was supported* The numerical results of the experiments 
were considered so unsatisfactory as to lead to the conclu- 
sion that 'no assignable proportion' exista between the 
forces and the distances, whether of attraction or repulsion, 
and that ' magnets are indeed very surprising bodies, of 
which we know but little.'t 

184. In the * Introduction to Natural Philosophy,* J 

for distances 12 and 36 we have 2*4^2-6, which may in each case be 
considered as sufficiently near. 

The greatest inequality appears to he for distances 18 and 54, being 
*948s*814; all the others approach as nearly an inverse sesquiduplicate 
ratio as can be expected from the nature of the experiment. 

* • Phil. Trans/ for 1721. f ^«^- ^oi^ 1725. 

} Translated by Colson, in 1744, for the use of the UniversitieSr 
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however, by Mnsclienbroek, we find the subject more satis- 
factorily investigated andpnrsned, the results being 
such as to demand very special attention. The 
method of experiment did not materially differ 
from the former. The following cases compriso 
the amount of the investigation : — 

First case. — Attractive force between a magnetic 
and iron cylinder. — In this experiment a cylin- ^ 
drical magnet (p, fig. 107), two inches in length, 
and about *95 of an inch in diameter, was sus- 
pended over an equal cylinder of soft iron (n), and 
the attraction at different distance^ (i) f») noted. 
The results were as follow : — 

Distance in tenths of an inch 6 4 3 2 10 
Force in grains . • • 3 5 6 9 18 57 

Muschenbroek observes, on this experiment, that tho 
attractive forces are inversely as the intercepted cylin* 
drical spaces (p w-), that is, inversely as the dis- pjg, 107. 
tances (174) ; the law is uniform up to contact, ( 

or nearly so. 

Second case. — ^Attraction between a spherical 
magnet and a magnetic cylinder. — ^In this expe- 
riment a spherical magnet («, fig. 10 7), was sus- 
pended with its north pole (a) downward, and a 
cylindrical magnet (t) of the same diameter, 
viz. '95 of an inch, placed with its south 
polo (Jb) upward, immediately under it, the 
poles being in one straight line. The follow- 
ing were the results : — 

Distance in tenths . .6482 1 
Force in grains • . 21 34 44 64 100 260 

We may conceive, says Muschenbroek, * The sphere (s) 
to be in a hollow cylinder (t «), and let down at various dis- 
tances (a h) from the cylindrical magnet. Then, consider- 
ing the intercepted spaces (t s), the attractions will be 
found in the inverse susquiplicate ratio of these spaces, that 
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is, inversely as the square root of the cubes of the spaces ' 
(176). In referring the distances, however, to the near 
point a of the sphere, still the law does not very ma- 
terially differ from the former case, being approximately in 
the inverse simple ratio of the distance a b. 

Third case, — ^Attraction between a magnetic sphere and a 
cylinder of iron of the same diameter s= '95 of an inch. — In 
this experiment a cylinder of iron (5, fig. 107), was placed 
under the north pole (a) of the spherical magnet («), this 
cylinder being the same aa used in the first case. The fol- 
lowing were the results : — 

Distance in tenths ..648210 
Force in grains . . . 7 15 25 45 92 340 

Muschenbroek, in referring the forces to the intercepted 
spaces (t s) as before, deduces the same law as in the former 
case ; if, however, we refer the forces to the distance a h, 
we find no regular law. The first three forces are inversely 
as the squares of the distances, or very nearly. The forces 
corresponding to distances 4 and 2 are in the inverse sesqui- 
plicate ratio of the distances ; this is also evident at dis- 
tances 6 and 1. At the smaller distances 2 and 1, the force 
is inversely as the simple distance, very nearly. At dis- 
tances 6 and 2 no law is apparent. 
Fig 108. Fourth case. — Attraction between a magnet 
and iron sphere of equal diameters. — In this ex- 
periment a globe of iron (&, ^g, 108), was placed 
immediately under the north pole (a) of the sus- 
pended spherical magnet (s). The forces and 
distances in this case stood thus : — 




Distance in tenths 8 6 4 3 2 10 
Force in grains 1 3*5 9 16 30 64 290 

It is remarked by Muschenbroek, in this 
case, that if * we suppose both the spheres to 
have been included in a hollow cylinder (is), and to be 
removed from one another at various distances, and the 
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intercepted hollow spaces (is) to be considered, then we 
find the law in a reciprocal biqnadratical ratio of the inter- 
cepted spaces, that is, inversely as the 4th powers of the 
intercepted spaces (174). If, however, we refer the forces 
to the nearest points of distances a &, we have all sorts of 
inverse proportions for the law of the force ; thns the forces 
at distances 8 and 4 are inversely as the 3rd power, or 
cubes, of the distances, or very nearly ; at distances 8 and 1 
they are inversely as the second power, or square, of the 
distance ; and this law holds approzimatively for the forces 
at distances 6 and 4, and for 6 and 3, for 6 and 2, and 4 and 
3, in which last case it is exact.' 

At distances 8 and 2 the forces are as the square roots of 
the fifth powers of the distances inversely (176). Taking 
the near distances 2 and 1, we have the forces nearly in the 
simple inverse ratio of the distances ; whilst at the distances 
6 and 1, as also 4 and 2, the law approaches the inverse 
sesquiplicate ratio of the distance, that is, the square root of 
the cubes of the distances (176). 

185. These results are not only curious, but they are 
really oalculated, when properly considered, to throw very 
considerable light on the nature and mode of operation of 
magnetic force, as we shall presently see ; and it is to be 
greatly regretted that more attention has not been com* 
monly bestowed on thenu Muschenbroek's researches are 
usually quoted without due precision, and without any ade« 
quate explanation of the author's own peculiar deductions ; 
they have been also not unfrequently treated lightly as fur« 
nishing no solid information whatever from assumed im- 
perfections in the nature of the experiments themselves. 

186. We may infer, by the second and third cases, 
in which the force at contact between a cylindrical and 
a spherical magnet, and the force between a similar cylinder 
of iron and the same spherical magnet is given, that, 
when actually touching, a magnet does not attract another 
magnet so forcibly as it attracts simple iron, the force being, 

E 
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in the one instance, 260 grains, in the other 340 grains. The 
force, however, between the two magnets diminishes less 
rapidly as the distance is increased, and would hence begin 
from a more remote point. 

187. In the * Essai de Physique,' printed at Leyden, in 
1751, Muschenbroek more expressly refers to his early ex- 
periments in 1724-, and although they led to no general 
conclusions, yet they furnish most important examples of 
the operation of magnetic forces under the given conditions. 
The following table, for example, contains the results of a 
series of observations on the force of two spherical magnets 
of very unequal diameters, opposed to each other at dis- 
similar poles, as in fig. 108, one of the magnets being 6*5 
inches in diameter, the other 1*5 inches. 

Distance in lines — 

54 50 45 28 21 12 10 9 8 7 6 5 4 3 2 1 
Force in grainsTr- 
1-75 2*25 2-75 9 12 26 31 34 36 39 44 48 59 68 89 132 310 

Many of these forces approach the inverse sesquiplicate 
ratio of the distances. It is, however, observed by Mus- 
chenbroek, that, from the unequal diameters of the spheres, 
' it is not easy to calculate the intercepted spaces : this led, 
me to try the forces between a spherical magnet and a ball 
of iron, each '95 of an inch in diameter.' The attractions, as 
thus obtained, have been already given. Fourth case (184) . 

The following are the results of observations on the repul- 
sive poles of two magnets, and of two pieces of magnetic iron: 

EEPIJLSIVB FOECB OF TWO MAGNETS. 

I. 



Distance in lines . 


. 48 27 12 11 10 


9 


8 


Force in grains . 


.6-5 13 30 32 32 


33 


34 


Distance in lines . 


n. 
. 12 10 6 6 


4 





Force in grains . 


. 24 24 25-5 27*5 


29 


40 


REPULSIVE 


FORCE OF MAGNETIC IRON. 






Distance in lines 12 


III. 

10 6 5 4 3 


2 


1 


Force in grains . 3*5 


4-26 7-5 7*75 8 10-6 14-5 


14 Attn 
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It is important to observe, in these last experiments, that 
in the first forces and distances, the force is as the distances 
inversely, after which the increase of the repulsion de- 
creases, and the force changes iiito attraction. We have 
thought it right to select these cases for consideration. For, 
notwithstanding that they led at first to the conclusion 
' that magnets are surprising bodies, of which we know but 
little,' they will, nevertheless, be found to have a most im- 
portant bearing on the question of magnetic force. 

188. Martin, who followed Muschenbroek's method of 
experiment, found that for certain small distances the force 
of a magnetic pole, on a bar of soft iron, was in the inverse 
sesquiplicate ratio of the distance. In these experiments a 
plate of wood, of a thickness equal to the required distance, 
was interposed between the suspended magnet and iron. 
The magnetic pole being allowed to rest on the wood, and 
to which it would become drawn by the reciprocal attraction 
between the iron and magnet, small weights were then 
added to the scale-pan attached to the opposite arm of the 
balance, until the magnet pole became raised ofi" the wood. 
The actual force and distances were as follows :— 

Distance in inches .... 
Force in giain^ • . • . 

It will be immediately perceived that these forces are 
inversely as the square roots of the cubes of the distances, 
very nearly. Taking the distances as the numbers 1, 2, 3, 

we have 1 x 156=2^ x 58=3^ x 28 (177) ; the differences in 
the products, viz. 156, 164, and 145, are not so great as to 
place them without the limit of a fair approximation, espe- 
cially when we take into account the difficulty of such 
experiments. If at distance ^ the result had been 56 grains 
instead of 58, and at distance | it had been 30 grains instead 
of 28, then the ratio would have been exact. The experi- 
ments appear to have been carefully made.* 

* * Philosophia Britannica/ London, vol. i, p. 47» 

k2 
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156 


58 


28 
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1 9. Mayer, in an nnpnblislied paper read before the* 
Royal Society of Gottingen, in 1760, found the force of 
magnetic attraction to correspond witli the general law of 
gravity. A deduction also arrived 'at by Michell, who says, 
in his capital treatise on * Artificial Magnets,' published in 
1760, that in all the experiments of Hawksbee, Brook 
Taylor, and Muschenbroek, the force may really be in the 
inverse duplicate ratio of the distances, proper allowance 
being made for the disturbing .changes in the magnetic 
forces (180) sd inseparable from the nature of the experiment. 
He is hence led to conclude that the true law of the force is 
identical with that of gravity, although he does not set it 
down as certain. It is to be greatly regretted, as observed by 
Lambert, that the Royal Society of Gottingen did not pub- 
lish Mayer's researches on this important physical question. 

190. In the 22nd volume of * Histoire de TAcad^mie 
Roy ale des Sciences ' (Berlin, 1776), we find two beautiful 
memoirs on this subject by M. Lambert, which were con- 
sidered by Dr. Robison as worthy of Newton himself. It is 
therefore imperative, in a treatise of this kind, to put the 
student in possession of the substance of these papers, more 
especially as a detailed and clear exposition of Lambert's 
experiments has seldom, if ever, appeared in our elementary 
works on this branch of science. In his first memoir the 
author endeavours to determine two very important laws of 
magnetic action ; one relating to the change of force as 
depending upon the obliquity of its application, the other as 
referred to the distance. M. Lambert's course of experi- 
ment was as follows : — 

A small needle (j? q, fig. 109), about an inch in length, 
being poised on a fine centre (c), fixed in a plane of wood, a 
circle (a P b), one-half of which only is in the figure, was 
described about the needle, and divided into 180 degrees, 
both on the east and west side of the magnetic meridian 
(x c z)f the central or north point (a) of the semicircular arcs 
being marked zero ; the plane supporting the needle was 
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made to tarn about the centre (c), so as to adjnst the zero 
point (a) exactly in the line of the needle. This preparation 
made, Lambert placed a small magnet (e), of a cubical figure, 

Fig. 109. 




tho same length and breadth as the needle, and one-half the 
thickness, in various positions b, e, F, /, G, &c. about the 
needle, so as to deflect it from its meridian by a given angular 
<iuantity. . We already know (134, 135), that in bringing 
a magnet near a compass-needle in this way, the needle 
changes its position, so that, by varying the position of tho 
magnet, we may produce any declination we please ; we may 
also give the magnet (e) an infinity of different positions, or 
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may change its place, as from d, p, g, h, Ac, and hence may 
find snch positions or points for its action as will all pro- 
duce the same degree of declination in the needle. Now 
M. Lambert limited the precise position of the magnet in 
any particular point (e) to that in which the axis of the 
magnet and its south pole were directed to the centre (c) of 
the needle, as in the line e c ; and he selected given declina- 
tions of the needle from 10 to 100 degrees on the west side 
of the meridian, and from 15, 30, 60, 90, up to 120 degrees 
on the east side. Haying found all the points, as, for example, 
D, d, E, 6, F, /, G, H, I, &c., in which the magnet (e), thus cir- 
cumstanced, gave the same amount of declination, say 30 
degrees, he proceeded to trace a curve (d b p G h i m) 
thitough all these points, and by means of which he endea- 
vours to assign the law of force as directed to th^ centre (c). 

191. For the better tracing the various circle and curves, 
the plane on which this operation was performed was 
covered with fine paper. The figure is about J of the size 
of the plane in the actual experiment ; and as the curves on 
each side of the meridian zcx were found to be nearly simi- 
lar, those on one side only are given, in order to avoid com- 
plication. In fig. 109, then, c is the centre upon which the 
needle plays, x G z is the magnetic meridian. The angles 
A a, A c D, A c B, A p, A c G, are angles of 15, 30, 60, 90, 
120 degrees, being the respective constant declinations pro- 
ducing the curves X, 2, 3, 4, 5. Thus the magnet being in 
curve 2, the declination of needle was always 30 degrees ; 
when in curve 3, it was always 60 degrees ; and so on. By 
this arrangement, an equilibrium is obtained between three 
forces, viz. the magnetic force of the needle ; the directive 
force, or unknown power by which it is drawn to the meri- 
dian A B ; and the force of the magnet (e) by which the 
needle is deflected or drawn from its meridian. 

192. In comparing the curves thus obtained, Lambert 
only assumes, what in fact is shown by all experience, that 
the magnetic force decreases when the distance at which it 
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Operates increases. In estimating the element of distance, 
he finds it sufficient to take the distance between the 
extremity (e) of the'magnet and the centre (c) of the needle. 
So that, if it be merely required to know if the force of the 
magnet has been more or less great in one point than in 
another, as, for example, in points E and f, then the right 
lines B, c F will be sufficient for that purpose, and the force 
of the magnet may be taken as being less as these lines are 
longer. 

193. With a view to simplify our conceptions of M. 
Lambert's investigations, we will confine our references 
principally to one of the curves which he traced, viz. to the 
curve No. 2, corresponding to a deflection of 80 degrees, 
and which caused the needle (jpq) to assume the direction 
ncu, making, with the meridian 2 c «, the angle z C y =30 
degrees. It may be here observed, that if we take, on either 
side of the radius G, any two points f, h, making equal 
angles a c f, a c H with that radius, and suppose the magnet 
to be in F, and attracting the north pole (jp) of the needle 
with a force=p, and repelling the south pole (q) vdth a 
force=g, then we have only to place the magnet in h, and 
it will reciprocally employ force =jp to repel the south pole, 
and the force =gr to attract the north pole ; that is to say, 
the distances G H and G f being equal, tho position of the 
needle would not vary ; and reciprocally, in order not to 
vary, these distances must be equal. The curve d E F Q h i m, 
therefore, is similar to itself on each side of the right line 
c G, so that c G is an axis or diameter of that curve, and 
divides it into two similar and equal parts, that is, supposing 
a perfect resemblance and equality of force in both poles of 
the magnet. Mr. Lambert calls this axis c G a tranvers© 
axis or diameter, because it passes through the centre at 
right angles to the deflected position of the needle. Thus, 
when the magnet (e) is in the curve E G h, just mentioned, 
the deflection being 30°, the position of the needle is the 
line men, and the axis is c G, and so for any other curve ; 
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thus, when the deflectioii is 60% and the needle is in the 
line G E, then the axis of the cnrve is G N, being always at 
right angles to the direction of the needle. We may farther 
observe, that all the enrves extend themselves from the 
centre up to the points by which their respective diameters 
pass, as at X s K G R^ 

194. These experimental conditions of Lambert's investi- 
gations being understood, we may proceed to his analysis 
of them ; and first, as relates to the change of force liable to 
occur from a greater or less degree of obliquity in the 
action of magnetism on the needle, considered as a lever, a 
most important element in the progress of such inquiries. 
Assuming, as we have just shown (193), that it requires 
everywhere the same effective force to retain the needle at 
the same declination, we might conclude, conversely, that 
for the same degree of declination the distance should be 
always the same ; but such is evidently not the case, since 
the points n, E, p, g, &o., in curve No. 2, are all at different 
distances from the centre (o) ; hence all the force of the 
magnet (e) cannot be everywhere exerted ; some compensa- 
tion between the force and distance must hence arise, if the 
needle at different distances is to remain in the same posi- 
tion. Now we may observe, that in different points of a 
given curve n e f G h, the action of the magnet (e) is more 
or less oblique upon the needle (p q) ; thus, the needle being 
retained in the line n ^, at a deflection of 30^, the angle of 
obliquity at point e is E c n, at point f it is f G D, at point H 
it is H D ; that is to say, the obliquity of the action increases 
with the distances. In order, therefore, that the needle 
should remain stationary, the decrease of the force due to 
the increase of distance should be exactly the same as 
decrease of power arising from the increased obliquity of 
the action. To determine the law of the change of force 
from obliquity, Lambert calls to his aid the polar or magnetic 
force by which the needle is drawn toward the meridian, 
and which also acts obliquely upon the needle whenever 
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we deflect it from its meridian. Thus the needle (p g), being 
drawn &om its meridian into the line n u, the oblique action 
of the polar force is the angle zcy. To distingnish in 
certain cases the oblique action of the magnet (e) from this 
last obliquity, he calls the angles of obliquity of the magnet 
(e) angles of incidence. Thus, angles E o D, F G d, &c, are 
angles of incidence as regards the obliquiiy of magnetism 
in the action of the magnet (e) on the needle. If the law of 
the variation of the force as regards a change of distance 
were really known, we could easily determine the law of 
the increase or decrease of force as depending upon obli- 
quity of action ; for the effect depending on this obliquity 
of incidence would be in the same curve in an inverse ratio 
of the force, in order that the compound resulting effect 
might retain the needle in the same position ; but Lambert 
had not determined this law, and is hence led to another 
method by taking into consideration the action of the polar 
force on the needle. 

195. To determine the effect of obliquity, considered as 
depending upon the angle of obliquity, that is, as being 
some function* of that angle, Lambert took two equal dis- 
tances" (o d and c r,) in which the absolute force of the 
magnet, independent of obliquity, might be considered the 
same. We may here observe, that when the magnet is in 
point dy the needle is found in direction c w, being, by the 
experiment for that point, deflected 30®. The angle of 
incidence dcu ia therefore 16°, and the obliquity of the 
polar force is the angle zcy = SO°. Again, the magnet 

* This term functum is in very common and accepted use in physico- 
mathematical science. It is employed to express, either algebraically 
or otherwise, any quantity whose value depends upon that of another. 
Thus the extent of the circumference of a circle will depend on the 
length of the radius of the circle. The circumference is hence said to bo 
a function of the radius. In the present case the effective force of the ^ 
magnetic power will depend upon the angle of incidence. It is hence 
said to be a function of that angle ; so that we have to find what is the 
actual yalue or relation of this function to the magnetic power. 

]l3 
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being in r, the needle is in direction c r, being, by the 
experiment for curve 4, deflected 90®. In this point, then, 
angle of incidence of magnet is P c G = 30°, and angle of 
obliquity of polar force « o P = 90®. Let now the whole 
magnetic polar force=M,and the whole force of magnet =w; 
then, because the needle is at rest, either the whole or some 
part of the magnetic polar force must be in equilibrio with 
the whole or some part of the force of the magnet ; and as 
these forces will depend upon the angle of obliquity, we 
have for points d and r, calling the function we require=/, 
the following equations : — 

M x/30® =m x/15®, and M : w : :/15® ; /30® for point d, 
M x/90®=m x/30®, and M : m\ IfSO'' : /90® for point r.* 
But between these four functions, in the proportions thus 
deduced, we obtain/ 15® : /30®: : /30® :/90®. 

Now this proportion leads at once to the value or nature 
of the ftinction required =/, since in the ordiuary trigono- 
metrical calculations and tables we find that the sines of 
these angles fulfil the conditions of this proportion. In 
fact, we have sin 14^ : sin 30° : : sin 30° : sin 90°, that is, 
•250 I '5 : : '5 : 1 , which is sufficiently near for our purpose, 
and leaves little or no doubt as to the nature of f, 

* The student will easily see, that, to represent the equilibritim of the 
forces in operation, we must multiply the total magnetic force by the 
function of the angle of obliquity at which the force acts, and upon 
which the modification of the whole force depends. Thus, suppose that 
when the obliquity of action was a given quantity, that only | part of, 
the total force, for example, was effective in retaining the needle at a 
given deflection, we should, in this case, express it by | of m, calling 
generally the magnetism m ; that is to say, we should multiply m by |. 
But since we do not know what portion of the total forces are in opera- 
tion, we are content to represent it by some function of the angle of 
obliquity; and therefore, in the above, write mx/30°, or wx/15®, as 
the case may be. It is further evident that, in the equilibrium of these 
forces, we have in all cases some portion of the total polar force acting 
at a constant distance in equilibrio, with some portion of the total force 
of thd magnet acting at variable distances from the needle ; hence we 
Vnie, in the cases quoted, 

M x/30° - m x/16°, and m x/90° « m x/SO*^ 
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196. From this inyestigation, then, we may conclade that 
the action of magnetism on a magnetic needle, considered as 
a lever, is proportionate to the sine of the angle of obliqnity 
of its direction ; and that hence the efiectire force which 
operates in restoring the needle to its meridian, when drawn 
aside &om it, is directly as the sine of the angle of its 
deflection— -an important dednction. 'If,' says Robison, 
' M. Lambert's discoveries had terminated here, it most be 
granted that he had made a notable discovery in mag- 
netism.' 

This important result was fully established by a variety 
of other experiments. Thus, taking other points /and g^ 
equally distant &om centre (o), or very nearly so, we have 
the angles of incidence g o a:= 30**, and / c D = 75** ; the 
needle for curve 1 being deflected 15^ in direction c a, and 
for curve 2 being 30° in direction c d. The obHquities of 
the respective polar forces are consequently z ot = 15**, and 
» c 2/ = 30**. 

Whence we obtain for poiats g and/ the two following 
proportions : — 

m x/» 30°=M x/» 16**, which gives m : m ; ; /» 15** : /• 30® ; 
and 
m x/» 75**=M xf 30°, which gives w : m : : /» 30** : /• 75**. 

From these four functions we have, by the ordinary rules, 

/• 15° :/„ 30** ::/• 30** :/n75°; 

that is, sin 15** : sin 30° : : sin 30° : sin 75° (195) ; 
or -2589 : -5 : : 6 : '966. 
And -2589 x -966 = -5 x -5, or -250 = -258, which is a suffi- 
ciently close approximation. 

197. Having thus determined the first, and apparently 
the most simple law of magnetism, Lambert proceeds to 
apply it in his farther investigations of the law of force as 
regards distance. With this view, let the total polar force 
which draws the needle to its meridian be considered as 
unity or 1, and suppose that the magnet (e) being in some 
point of the curve d e G, the needle is deflected 30*^, and is 
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in the direction c d. In this case the sine of 30® being '5, 
the effective polar force becomes represented by 1 x '5 ; 
that is to saj, it may be expressed by '5. Now, the 
needle being stationary, in whatever point of enrve 2 the 
magnet be placed, it is clear that the oblique or effective 
force of the magnet in any point d,E, e must be equal also 
•5, because in these points it exactly balances the polar force. 
Now, let the actual or inherent force of the magnet at any 
distance c E, c G, &c.=m, and call the angle of incidence or 
obliquity of its action=0 ; then we have the effective force in 
every point of the curve=w x sin 0; but as this force, as just 
shown, must bes=*5, we have therefore by these two values 

•6 

w X sin = '5, and m = -, • 

^ auKp 

Taking now the different angles of incidence (Z c D, E C D, 
e c D, &c. for the successive points d, E, e, &c., and which 
are by construction 16, 30, 45, 60, &c., up to 120° (191), 
and dividing '6 by the sines of these angles, we obtain the 
value of m, or absolute force of the magnet in each point of 
the curve at a measurable distance from the centre (o); conse- 
quently, in laying off the respective distances c D, c c2, c e, 
&c. upon a given scale, we have the respective values of the 
force and distance represented by numbers. M. Lambert 
estimates the distance in terms of a unit of measures^ the 
length of the needle. The forces and distances thus deter- 
mined will be as in thcfoUowing table :* — 

Points of curve , d b e v f o 
Distances =<? . . 2'71 3*62 4-17 433 4-48 4-61 
Porces=/ • , 1-93 I'OO 07 0-67 61 0*5 

198. It will be observed, that in comparing these distances 

* This way of noting the results of the experiment is not the same as 
that adopted by M. Lambert, who gives several distinct and elaborate 
tables, which, in a rudimentary work of this kind, could not well be in- 
troduced. It became requisite, therefore, to simplify them, and bring 
the results under a less complicated form. No alteration, however, hafif 
been made in the course followed by the author, or in his numbers, 
which are given as found in his table. 
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and forces as before (181), there is a general approximation 
to the law of the inverse sqnare of the distance, more espe- 
cially in the points p, /, G, in which the products of the 
forces, multiplied by the squares of the respective distances 
(176), are 10*6, 10*2, 10*6 ; the nearer points, however, as 
5, E, e, give the products 13*87, 13-10, 12*1, which exhibit 
greater differences. M. Lambert, however, goes on to 
observe — that the distances here given are taken between 
the extremity of the magnet (e) and centre (o) of the needle 
— ^that these may not be the true distances of the magnetic 
action — still he prefers letting the numbers remain as they 
are in the table, and subject them to such calculation as may 
be found requisite, merely bearing in mind, that whatever be 
the true distances, they must be in some inverse ratio of the 
forces. 

199. Supposing magnetism to be a species of central force, 
analogous with the force of gravity (178), it would then 
come under the same general law as regards the distance of 
its action, and would be in the inverse duplicate ratio of the 
distance (1 74) . Assuming this to be the case, we may obtain 
the true distances corresponding to the forces by means of 
the general expression for this law. Thus, let/sthe effec- 
tive force of the magnet in points c?, e, 6, f, &c., and let 
the true distance of action we require to find =s A ; then 
we have 

1 1 

/ o -— ^ and, consequently, A a --=-• 

' *f 

If, therefore, we extract the roots of the numbers in the 

preceding table, represented by/, we shall, in carrying out 

the operation indicted in the above formula, obtain a series 

of numbers which, although not equal to the true distances, 

will still vary in the same direct ratio, and which may 

become equal to the true distances if multiplied by some 

constants c, so that, in representing these numbers by 3, we 

should have A= S x c* 

* Tlie fitadent must remember, that although a given quantity may 
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Subjecting, then, the forces /to the indicated operation 

— =, we obtain, for the respective points d^ B, e, p, &c. the 

"^ f 

following proportionate distances : — 

Points .•.•(2b F / o 

Ptoportionate distances =8 0719 l-OO 1*189 1-316 1-39 1-414 

M. Lambert deduces for the mean value of the constant, 
by which these numbers must be multiplied, c = 2*2, as 
given from the whole series of experiments in the successive 
curves 1, 2, 3, 4, 5 (fig. 109). The true distance, therefore, 
will be represented by A=:2 x 2*2 ; so that, by comparing the 
product of the above numbers by 2-2 with the measured dis- 
tances= d, as given in the preceding table, we immediately 
arrive at the required correction, if any.* Take, for example, 

change in the same proportion as another and greater quantity, yet we 

cannot ever consider the two quantities 'as equal. To complete the 

equality, it becomes requisite to multiply the lesser quantity by some 

p. j-^ constant number. Take, for example, the 

right-angled triangle a c b, and suppose it 
divided by parallels acd.h b', o &, &c. ; and 
in such way, for example, that distance a a 
from the vertex (a) is twice the length of tho 
parallel a of. Then we have a b double 
of b Vy and a c double of <f Cj and so on ; and a of, b If, d df, &c. will 
increase in exactly the same proportion as a <Z) a 5, a c, &c ; so that if 
A 6»2 A a, then bVo2 aa', and so on. Still a<if,b b\ &c. can never 
be taken equal to a a, a 5, &c. We may, however, in this case make 
them equal by multiplying a a', b b', &c., by 2, which is the constant 
quantity here required, but which constant in the above formula we re- 
quire to determine. 

* To get the value of c, let the diflference between the true and ob- 
served distance as a?, then we have d±x=Bxc. Take now any two 
values of d, say in points e and g, as given in the former table ; then we 

have 

3*62 ± a?= 1 X c for point e, 

and 4-62 db a? « 1-414 x c for point g. 
Subtracting equation of point e from equation for point o, we have 

I'AI 

l-01a='414xc,andc=i^«-24 nearly. 

•414 
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the numbers in tHe pi^ceding table at points d and o ; then 
we hare for A, that is, the tnie distance, 

0-719 X 2-2=l-58 for point d, 
and 1-414 X 2-2=3-ll for point g. 
Bnt the measured distances for these points^e?, as given in 
the former table, are (2=2*71 for point d^ 

and (2=4*61 for point G. 
The respective errors, therefore, or 

(Z-A are, 2-71-1-58=1-13 for point d, 
and 4-61-311=l-6 for point g. 

The mean of these, or — -~ — =1-31 nearly, which tnms 

out to be the mean valne of x upon the whole series of 
experiments in the different cnrves, that is, the quantify 
to be subtracted firom the measured distances in order to 
obtain the true distances, upon th^ hypothesis that the force 
is as the squares of the distances inversely, as in the case of 
gravity. These numbers x and G being determined, we have 
(2-r31=ax2-2, and hence (2=3x2*2+1-31, which is the 
formula deduced by M. Lambert for determining d by 
calculation, and comparing the result with (2, as given in the 
first table. 

In extending this formula through the numbers for the 
series of curves 1, 2, 3, 4, 5, deduced as in the first table 
(197), M. Lambert finds the differences between the mea- 
sured and calculated values of d comparatively small, and as 
often positive as negative ; and hence concludes that the 
formula c2=d x 2*2+1*31 is, upon the whole, correct. 

200. Admitting the truth of this formula, we arrive at a 
somewhat remarkable result, viz. that to obtain the distance, 
the square of which is in a reciprocal inverse ratio of the 
force of the magnet, we must take, for the true distance, the 

Upon a mean of the "whole series ' experiments for all the curves 1, 
2, 3, 4, 5, Mr. Lambert finds the mean value of 0^2% or, M be ex- 
presses it, -->. 
o 
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distance between the centre of the needle and the extremity 
of the magnet, minus the quantity 1*31, which is greater 
than half the length of the needle.* So that what may be 
called the centre of attraction of the magnet is fonnd out 
of the magnet, and what may be called the centre of attrac- 
tion of the needle is found out of the needle. So that the 
conunon centre of attraction may be conceived to be in the 
semicircular interval A p (fig. 109) being as much nearer the 
needle (p q) as its force is less than that of the magnet (e). 
M. Lambert thinks that, in the case before us, it falls about 
the point r, at 1*31 distance from the centre of the needle, 
c A being the least radius or distance at which the magnet 
could be placed without altogether fixing the needle inde- 
pendently of the polar force. 

Professor Robison appears to view this deduction as 
somewhat anomalous, and as arising out of the complicated 
nature of the experiment. Tet if the force be such as 
anticipated by Lambert, there does not appear any greater 
difficulty in conceiving such a result than in conceiving the 
common centre of gravity of two bodies of unequal magi- 
tudes to fall without the bodies. Thus the common centre 
of gravity of the earth and moon is neither within the earth 
or lAoon, but in some point intermediate between them ; 
being as much nearer the earth as the mass of the earth is 
greater than that of the moon. 

Under this impression, however, the Professor was led to 
repeat Lambert's experiments with magnets, consisting of a 
slender steel rod, terminating in small balls, in which case 
he found the force to be nearly in the centre of each ball, 
and to vary in the inverse duplicate ratio of the distances 
with singular precision. 

201. Such are the principal features of Lambert*s first 
memoir on the important question of the law of magnetic 
force. In a following subsequent memoir * On the Curva- 
ture of the Magnetic Current,' he continues his series of 

* The unit of measTure being made s half the length of the needle. 
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experiments, and examines with singnlaor ingenniiy, mathe- 
matical skill, and address, the action of the directive or 
polar force of a magnet npon a small needle. In the pre- 
ceding experiments, Lambert had always preserved the axis 
of the magnet in a right line passing through the centre of 
the needle. This condition, however, is not altogether re- 
quisite in every case. He therefore, in these subsequent 
researches, places the magnet more or less oblique to that 
line, but always preserving the same angle of obliquity for 
comparative experiments. The question whether such 
curves as those which are represented (28) depend on a 
circulating fluid, Lambert considers of no moment. Still the 
curves exist, and the problem for determining the nature of 
such curves will still arise ; the axis of a small needle freely 
suspended will, in various points, always be a tangent to 
these curves ; so that we may, without ambiguiiy of lan- 
guage, call them ' curves of the magnetic current.' If there 
be such a current, the term will be true to the letter ; if 
not, the algebraic nature of such curves will suffer no change. 
In order to determine the nature of these curves, as bearing 
on a large and important class of natural magnetic pheno- 
mena, Lambert endeavours to eicamine still further the 
general laws of magnetism, and the position, size, figure, 
and force of the great magnet which he supposes to reside 
in the earth. The limits of this work will not permit us to 
enter fully upon this beautiful memoir, which, as remarked 
by Dr. Bobison, would have done credit to Newton himself ; 
more especially as it embraces other considerations than 
those immediately connected with our present subject. So 
&r, however, as it bears on the elementary laws of magnet- 
ism, Lambert concludes, ' that the effect of each particle of 
the magnet on each particle of the needle, and reciprocally, 
is as the absolute force or magnetic intensity of the parti- 
cles directly, and as the squares of the distances inversely.' 
202. About twenty years after. Lambert's experiments, 
Coulomb turned the attention of his ingenious and compre- 
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hensive mind to tlus subject ;* and by means of the torsion 
balance (132), and method of oscillation (138), not only- 
confirmed the deductions of Lambert, but also added to our 
knowledge of magnetic force in a most extraordinary degree. 
Haying placed a linear magnet, 24< inches in length, in the 
stirrup of his balance (138), he was enabled to measure the 
force required to maintain this needle at various angles from 
its natural direction, and thus, by a direct experiment, he 
confirmed the principle of Lambert (196), viz. that the force 
urging a magnetic needle toward the magnetic meridian 
when drawn aside from it, is proportional to the sine of the 
angle of its deflection. Beferring to the explanations given 
(133), the following are the forces and angles in four dif- 
ferent experiments, and by which it will be seen that the 
forces or degrees of torsion requisite to maintain the needle 
at the given angles are sensibly proportional to the sines of 
these angles. 



Micromatic circles . 


1 


2 


4 


65 


Degrees of torsion • 


. 349-5 


698-76 


1394 


1895 


Angles of deflection . 


. 100-30 


210-15 


46° 


86° 


Sines of angles . 


. -1822 


•3624 


•7193 


•9961 



203. To understand clearly these results, it will be neces- 
sary to recollect that the reactive force exerted by the wire, 
when subjected to twist, is e^^ctly proportional to the degree 
of twist to which it has been subjected. This is the funda- 
mental principle of the instrument (132).f This degree of 
twist or torsion may be either measured by actually twisting 
the wire itself at its upper extremity, fig. 87 (132), against 
a resisting force beneath, or otherwise turning the wire from 
below against a fixed point above. In either case the tor- 
sion force is proportional to the angle of torsion. Now, in 
such experiments as those just quoted, in which a magnetic 

* 'Memoir of the Boyal Academy of Sciences/ 1786 and 1787. 

t We avail ourc?lves of this opportunity of correcting an error, 
seventh line from the lop, p. 119, for 'sine [of the angle or arc/ read 
angle or arc. 
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needle is forced from its directive position throngli a given 
angle, say 46°, by actually twisting the wire any nnmber of 
degrees against the directive force of the needle, and by 
which it tends to the magnetic meridian, we must, to obtain 
the actual force of torsion, holding the needle at any given 
angle, subtract from the number of degrees which we have 
twisted the wire the degrees representing the angle of de- 
flection of needle ; for, imagine that we had forcibly retained 
the needle in its original position, whilst we had twisted the 
wire 4 circles of the micrometer (fig. 87, sec. 132), that is, 
4 times 360=1440**, and that, on liberating the needle, it 
became deflected, and rested at 46°, then, as is evident, the 
total torsion of the wire would become relaxed by that quan- 
tity, and we should have for the absolute force of torsion, 
holding the needle at 46°, 1440—46=1394°, as given in the 
table ; and similarly for the other given angles. 

204. Having determined this point, Coulomb proceeds 
to examine the law of the repulsive force of two similar 
magnetic poles, and in the following way : — 

Two equally-tempered and magnetic steel wires, each 24 
inches in length, and about -j\j of an inch in diameter, 
were placed, one of them in the balance, and the value of 
its directive power or force dragging it to the meridian at 
any given angle determined. This force, in terms of the 
torsion force, was, for this particular case, equal to 35° for 
1° of deflection of the needle ; that is to say, in order to 
force the needle 1° from its meridian, it was requisite to 
turn the micrometer, fig. 87 (132), 36° of the circle.* This 
being ascertained, the other wire was placed vertically in the 

* Coulomb found that 2 circles of torsion deflected the needle 20°, 
which gave a force of torsion for 20<*=720-20«700. Now the di- 
rective force of the needle being as the sine of the angle of deflection, we 
may, from this experiment, obtain the force for any other angle m, 
smce we have this proportion, 700 or force at 20° : /, the force at angle 

m::sin 20: sin m,or/x sin 20 = 730 X sin w,or/=^5?ii4^. If we 

sm 20 

take the arcs themselves, instead of the sines, which we may do here 
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Fig. 111. 
f 



I 
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meridiaD, witt its inferior pole at right angles to the similar 

pole of the needle, as represented 
in the annexed fig. Ill, and in 
such way as to admit of the two 
wires being considered as inter- 
secting each other at an inch 
within their similar polar extre- 
,^ mities i? p'. As a necessary con- 
sequence (31), the pole p' of 
the horizontal needle, placed in 
the balance, becomes repelled, and turns away from the 
pole jp of the fixed vertical needle, until arrested by the 
torsion of the wire, and a balance obtained to the repulsive 
force. In this case the needle was balanced at an angle of 
torsion of 24**. The next step was to determine what 
amount of torsion was requisite to balance the repulsive 
force at certain other angles or distances between the re- 
pelling poles jp jp'. With this view, the wire was twisted 
against the repulsive force by turning the micrometer 3 
complete circles, or 3 x 360°=1080^ The pole ^ of the 
needle now stood within 17** of the vertical pole p. In like 
manner, 8 circles or 8 x 360°=2880°, brought the repellent 
poles within 12° of each other. Let us pause here for a 
moment to consider what are the actual or total forces in 
operation at each of the arcs of distance 24°, 17°, and 12°. 
205. In the first place, we have to consider, that not only 
is the horizontal nefedle p' pressed back toward the vertical 
needle jp, by the reactive force of the torsion, but it is like- 
wise urged toward the vertical needle by its own directive 
power or tendency to the meridian ; we must therefore add 
this assistant force in each case. This is effected by turning 
it into degrees of torsion, at the rate of 35° of torsion for 
each degree of angular deflection from the meridian, accord- 
without any great error, we have •^7.??-^=: 35 m. If we take «j aa P, 
then the force equals 85°, that is, 35° of torsion, as observed. 
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ing to the prelimmary experiment above given (203) ; for, 
since as a fundamental principle of the instrument, the 
torsion force goes on regularly increasing with the angular 
twist of the wire, it is sufficient to know the actual force 
for one degree to get the force for any number of degrees. 
In the first experiment, therefore, when the angular dis- 
tance of the poles p jp' was 24**, the total force in terms of 
torsion, balancing the repulsive force, must have been 
24+ (24x35) =24 +840=864. For force at angular dis- 
tance 17°, we have to combine the new torsion=3 circles, 
with the torsion for 17°, and the directive force at 17°, so 
that we have (3 x 360) +17+ (17 x 35) =1080 +17 + 695= 
1692 for the total force at angle 17°. In like manner, we 
obtain the total force at 12°=8 circles +12 + (12x35) = 
2880+82+420=3312; so that the distances and corre- 
sponding forces will stand thus : — 

Distances . • . • 12 17 24 

Porces • • • • 3312 1692 864 

206. Now these forces are in the inverse duplicate ratio 
of the distances, or very nearly. Thus, at distances 12 and 
24, which are as 1 : 2, we have the inverse forces 864 and 
3312, which are as 1:4; that it to say, we have the in- 
verse proportion 3312 : 864 :: 2^ : 1, or 4x864=3312 
nearly, or 3456=3312. Had the force at 24° been 868 
instead of 864, the accordance would have been complete. 
Now the difference 36 between these numbers is not above 
one degree of error in the position of the needle, at the rate 
of 35° of torsion to 1° of angular deflection ; the result, 
therefore, is perhaps as near as could be expected, for it is 
to be remembered that the action of the poles upon each 
other is a little oblique ; the distances are really as the 
chords of the arcs, and not as the arcs themselves ; beside 
that, the experiment is not an experiment with two particles, 
but two portions of a magnetic wire. Admitting all this, 
however, it is still to be observed, that the force at the near 
distance 12, is not so great as it should be by calculation 



214 EUDIMENTABY MAGNETISM. 

in the proportion of 3312 : 3456, taking the force at 24 as 
864; we shall have occasion to refer to this fact as we proceed. 

207. These experiments, by Lambert and Coulomb, were 
followed np, abont the year 1817, by Professor Hanstein, of 
Christiania, who, in a valuable work entitled * Inquiries con- 
cerning the Magnetism of the Earth,' deduces many impor- 
tant laws of ordinary magnetic forces. 

Although Professor Hanstein*s method of experiment is 
virtually the same as that of Hawksbee (181), yet the 
method of analysis is peculiarly his own. Hanstein's appa- 
ratus may be taken as identical with that described (134) 
fig. 90, the straight line E w being divided into portions 
such that ten of them were equal to the half axis of the 
artificial magnet used in the experiment. Having assumed 
that the magnetic intensity of any particle in a magnet is 
proportionate to some power of the distance from the mag- 
netic centre (26), and that the force between any two 
particles is in some inverse ratio of their mutual distance, 
a general expression is deduced for the eflfect which a Hnear 
magnet would have upon a magnetic particle situated any- 
where in the line of the prolonged axis of the magnet. This 
determined, and the angles of deviation of the needle (fig. 
90), at difierent distances from the magnet (m), accurately 
noted for each distance, the Professor proceeds to compare 
the results of calculation with those of the actual experi- 
ment, and shows that the supposition of the force being in 
an inverse power of the distance equal to 1 or 3, entirely 
disagrees with observation ; whilst, on the other hand, if 
the power be made equal to 2, the numbers found by experi- 
ment differ but little from those found by calculation. The 
value of the power of the distance, representing the increase 
or decrease of intensity from the magnetic centre, does 
not appear to have so great an influence on ^he result. 
Hanstein, however, thinks that this power is also equal to 
2, although, by taking it as 1 or 3, the differences' from 
actual observation are not always considerable. 
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IVom these inquiries, Hanstein thinks he is entitled to 
conclude, * that the attractive or repulsive force with which 
two magnetic particles afifect each other is always as their 
intensities directly, and as the square of their mutual dis- 
tance, inversely,' thus confirming the deductions of Lambert 
and Coulomb. 

208. Further Inquiries concerning the Nature <md Lcbwa 
of Magnetic Forces. — Although our knowledge of magnetic 
force has been very greatly advanced by these several re- 
searches, it yet remains to be seen whether the law deduced 
be a general law, applicable to every case of magnetic action 
considered as a central force (178), or whether it be only a 
particular law of some peculiar agency operating between 
the surfaces of magnetic bodies in a way similar to that of 
electricity, which, as now well known, is confined to the 
limiting surfaces of opposed conductors.* 

We have seen (33) that when a Fig. 112. 

magnetic bar A (fig. 112) is opposed 
to a similar, but smaller, bar of 
iron B, then a new polarity (n) is in- 
duced in the near parts n of the 
iron, opposite in kind to that of the ^ " 
opposed polarity a, whilst another^ — '^ 
polarity (q) arises in its more dis- 
tant parts, similar in polar y to 
that of the polarity A, but opposite 
to that of the induced polarity n ; 
this, however, is not all. On fur- 
ther examination, we find (37) that 

the temporary polarity n, thus induced in the near BUT&uce 
of the iron, operates in its turn on the near surface p of the 
magnet, producing there, by a species of reflection or rever- 
beration, what may be considered as a new polarity jp, oppo- 
site in kind to that of the induced polarity n, but similar to 
that of the permanent polarity A ; that is to say, a portion of 
* 'Budimentaiy Electricity' (21), p. 17, and (98), p. Ill, second edition. 
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the foroe, whicb, under the ordinary conditions of magnetized 
steel, is directed towards the centre of the magnet (28), be- 
comes now determined toward the iron in direction p n. 

These changes, induced in the magnetism of the two 
bodies, have been considered by some writers as casual and 
disturbing forces, superadded, as it were, to the primary 
magnetic action, which they imagine to be a distinct power, 
or emanation, as it were, from a centre, and operating in the 
way of other central forces (178). Michell had evidently 
adopted this view (189) ; as also Dr. Robison, who thinks 
that the phenomena of magnetic attraction and repulsion, 
as commonly observed, are not calculated to develop the 
real law of magnetic force : ' For in the experiments made 
on attraction at different distances, the magnetism is con- 
tinually increasing, and hence the attraction will appear to 
increase in a higher rate than the just one ; ' and that, 
hence, ' the observed law must be different from the real 
law.' * If we look, however, very narrowly into the nature 
of this kind of physical force, we shall immediately perceive 
that it is altogether an inductive process. Induction, as 
observed by Earaday, in respect of electricity, t is the es^- 
sential ftinction of all magnetic development. So far, 
therefore, from these induced actions being merely super- 
added or disturbing forces, they are the very essence of the 
force itself. It is, in fact, the mutual play of these inductive 
powers which constitutes magnetic action in all its variety 
of form ; we recognise no other action in the observed phe- 
nomena of magnetic attractions and repulsions ; and it is 
hence to the laws of these induced changes to which we 
must look for an intelligible development of what we have 
termed the general law of magnetic force. 

209. It is here to be remembered that we know nothing 
of that peculiar condition of steel we term magnetic, except 
through the medium of its effects upon ferruginous bodies. 

* 'Mechanical Philosophy,* vol. iv. pp. 217 and 273. 
t 'Researches in Electricity/ 1178. 
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We may, however, infer, as already explained (14), that in 
a magnetized bar two forces are developed, the tendency of 
which is to recombine and restore the condition of neutrality 
nnder which they previously existed. Taking, therefore, a 
magnetic bar apart from the influence of all other ferm^ 
ginons matter, we may consider the action of these op- 
posite forces as being directly upon or toward each other, 
either through the particles of the steel or through sur- 
rounding space. The experiment we have adduced (28), 
fig. 16, is highly illustrative of this kind of action : the 
ferruginous particles being evidently bent into curves, and 
apparently uniting the forces in points similarly placed on 
each side of the magnetic centre. When, therefore, wepre** 
sent to one extremity (jp, fig. 112) of a magnet A a mass of 
iron B, capable of assuming the magnetic state or otherwise, 
the opposite pole of another magnet, we divert, as it were, 
some portion of the force resident in that extremity p from 
its previous direction towards the centre of the bar A, and 
cause it to act in the direction of the opposed iron or other 
opposed polarity, as appears strongly indicated in fig. 17 
(28). And this it is which constitutes the reciprocal or 
reflected force jp (fig. 112), to which we have just adverted, 
and it is upon these two forces that the reciprocal force 
between the two bodies depends. 

210. This species of reverberation of force between the 
opposed poles, having once commenced, may still continue ; 
that is to say, a secondary wave or reverberation may pro- 
ceed from the new force j7, which, reaching the iron, is 
again reflected back upon the magnetic pole, calling into 
activity a still ftirther portion of the opposite force in the 
direction of the iron ; each reverberation becoming weaker 
until the wave vanishes, as it were, into rest. 

The late Mr. Murphy, of Caius College, Cambridge, ap- 
plies, in his profound mathematical work on 'Electricity and 
Heat,' a somewhat similar principle to the theory of elec- 
trical action, and which he terms * Principle of Successive 

ii 
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Influences.' Professor W. Thomson ako, of the Glasgow 
University, resorts to a view of this kind, conceiving that 
in the reciprocal force of attraction, as exerted between a 
charged and neutral body, certain images or reflections of 
power are produced within the opposed conductors, and 
which become perpetuated in a way similar to that of reflec*. 
tions between two mirrors.* 

How, or in what way, the kind of influence to which 
we have just adverted (208) commences, or whence it 
first proceeds, has never yet been fully explained. The first 
action may, for anything we know to the contrary, proceed 
from the influence of the iron on the magnet ; the magnet 
being a body in a peculiar condition, which renders it sen- 
sible of impressions from ferruginous matter. Hence may 
arise that determination of a given portion of the polarity 
next the iron which we have just described (209), and upon 
which may depend a subsequent and similar determination 
of the opposite polarity resident in the iron toward the 
magnet, and a retiring, as it were, of the similar polarity 
in the reverse direction. In whatever way, however, these 
two inductions arise, they are evidently the immediate 
source of the reciprocal attraction as observed to arise 
between the opposed bodies : this appears in great measure 
evident in fig. 17 (28). On the contrary, when these in- 
ductive actions do not arise, or if they be resisted by any 
existing magnetic condition, then not only is there an ab- 
sence of all apparent force, as we perceive in presenting to 
the pole of a magnet any non-magnetic body (50), but a 
totally opposite force ensues : the bodies actually repulse 
each other ; as also fiilly indicated in ^g. 18 (28). More- 
over, it may be shown, that the attractive force between a 
magnetic pole and soft iron is only in proportion to the 
induction of which the iron is susceptible, whatever the 
amount of permanent magnetic development in the steel. 

♦ ' Eiidimentary Electricity* (101), p. 115, second edition. 
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Magnetic attractions and repulsions, then, as commonlj 
observed, being the result of a species of inductive rever- 
beration (208) between opposed magnetic bodies, it follows 
that, in order to arrive at a correct view of this species of 
force, and determine the law of its action, we must neces- 
sarily commence with an investigation of the laws and 
operation of the elementary forces of induction. 

211. The magnetometer already described (125),fig. 82, 
and the simple balance-beam adverted to (37), fig. 29, are 
well adapted to the measurement of these and other mag- 
netic forces. The first has been very folly explained in all 
its details (125) ; the latter, when applied to very refined 
purposes, should be mounted on friction-rollers, such as 
shown fig. 81 (126), and the whole of the framework, with 
its attached arc, be sustained on a central sliding column of 
support, the altitude of which can be varied by means of 
rack-work, as in the colunm of the magnetometer, fig. 82, 
so as to change the distance readily between the small trial 
cylinder t (fig. 113), 
or other body sus- 
pended from one of 
the arms, and any 
other magnetic sub- 
stance M brought to 
act on it. The general 
arrangementisrepre. 
sented in the annexed 
figure, the framework 
and column of sup- 
port being omitted, 
in order to avoid 
complication. In the 
instrument as here 
shown, the suspended 
bodies play freely on two pins run transversely at a and h 
through slits cut in the extremities of the beam, which ia 

L 2 
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16 inches long. The scale-pan s is supported on a small 
circular plane, set on a sliding-piece i^, so as to admit of 
adjustment. The arc xoy is the ^ part of a circle, and is 
divided into 100 parts on each side the centre o, which is 
marked zero ; the i^^dius of the arc is 16 inches, the index I 
is neatly formed of three or four pieces of reed straw, termi- 
nating in a fine bristle ; it is attached to the balance at c by 
insertion on a brass pin projecting from a light brass band 
encircling the beam, and through which the axis passes. 
The forces corresponding to any given number of degrees 
of the arc are determined experimentally by placing small 
weights, either in the scale-pan at 9, or on the suspended 
iron t The axis being a little above the centre of graviiy 
of the beam, the balance does not immediately overset, 
but admits of a given inclination : the forces in this case 
will be very nearly as the small angles at which the beam 
inclines; so that the degrees of the arc measuring these 
angles will be nearly as the weights inclining the beam. 
Attractive forces are measured on the arc in direction o x^ 
repulsive forces in the opposite direction o y. 

This balance is only applicable to the measurement of 
very small forces, such as those exerted by magnets and iron 
at distances approaching the limit of action. In the appli- 
cation of it, we employ precisely the same kind of apparatus 
for sustaining the magnets and iron as that already de« 
scribed for the Hydrostatic Balance (125). 

212. The direct and reciprocal forces of induction (209) 
are examined by these instruments according to the methods 
described (127, 128, 129). To determine the law of the 
direct induction (33), the magnet and iron are attached to 
a divided scale (fig. 85), and then brought under the trial 
cylinder ; so that in making the distance a h constant, and 
varying the distance N s, the rate of increase or decrease 
of the induction upon the near extremity s of the inter- 
mediate iron, as measured by the distant and associated 
polarity at &, may be pretty fairly estimated ; the reciprocal 
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Fig. 114. 




attraction between the trial cylinder a and the induced 
pole h will, as observed by Newton (180), entirely result 
from the intermediate iron ; hence we may infer, all other 
things being the same, that the proximate induction at s 
will vary with the distant polarity at &. When the bodies 
are laid horizontally, as in the 
annexed fig. 114, the trial cylin- 
der t is immediately over the dis- 
tant extremity of the iron, the 
force being taken through a short 
cylindrical armature a. Fig. 85 
(129) is further illustrative of 
this experiment. To measure the 
reflected force (37), we first ob- 
serve the degrees of attraction 

between the pole of a magnet and the trial cylinder i^ either 
placed vertically, as in fig. 114, or horizontally, as^ in the 
annexed fig. 115. A mass of 
iron w, or the opposite pole of a 
permanent magnet, is then caused 
to approach the pole p of the 
magnet m, through certain mea- 
sured distances, as before : this 
will cause the index to decline 
(37). Now the degrees of de- 
clination may, within certain 
limits, be taken as a measure of 

the reciprocal force of the induced pole n upon the pole jp 
of the magnet m, the distance of the trial cylinder t being 
constant, and the force allowed to operate through a short 
cylindrical armature of soft iron, as before. 

The forces of induction may in all these cases be consi- 
dered as proportional to the square roots of the degrees of 
attraction, as given by the instrument, since by a law of 
charge which has been fully established in similar electrical 
actions,* and which we shall further show as equally true 

* < Eudimentajy Electricity' (102), p. 117i second edition. 



Fig. 116. 




222 BTJDniENTABT MAGNETISM. 

for magnetic actions, the force is as the square of the 
quantity of magnetism in operation. 

213. It appears by an extensive series of experiments 
conducted in this way, that a limit exists in respect of these 
elementary inductive forces, different for different magnets, 
and varying with the magnetic conditions of the experiment, 
toward which the increments in the force continually ap- I 
proach with greater or less rapidity, as the distance 'p n ' 
(fig. 112) is diminished, as if the opposed bodies were only 
susceptible of a given amount of magnetic change. 

Taking the force toward the limit of the action, the 
amount of induction is in some inverse ratio greater than 
that of the simple distance ; it was not found, however, in 
any case which could be satisfactorily determined, to exceed 
the inverse sesquiplicate ratio, or f power of the distance 
(176). As the distance becomes diminished, the induction 
approaches the inverse simple ratio of the distance (175), 
and varies commonly according to that law. At less dis- 
tances, the induction begins to vary in some ratio less than 
that of the simple distance inversely, such, for example, 
as the f power of the distance inversely (176). At small 
distances the induction was generally observed to be as the 
i power, or square roots, of the distances inversely (175) ; 
thus causing corresponding changes in the general law of 
attraction reciprocally exerted between the opposed bodies. 

When the convergence is slow, the law of the induced 
forces may be taken for a long series of terms as constant ; 
but should any circumstance interfere to accelerate the con- 
vergence, such as a particular texture or condition of the 
magnetic steel or iron, or a high magnetic power, then the 
law of force may appear subject to irregularity. As a general 
result, however, we may conclude that the elementary force 
of magnetic induction is as the magnetism directly, and 
from the ^ to the f power of the distance inversely. 

214. This understood, let us see how far these results 
may be appHed in explanation of the different laws of force 
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experimentally dedaced hj the many eminent philosopliers 
who have tnmed their attention to this important question. 

Let A, fig. 172 (208), represent a magnet opposed to a 
similar mass of iron b, at some given distance p n. Let 
the small space n be taken to represent the direct induction 
on the near extremity of the iron 6, and the small space p 
the reciprocal or reflected induction on the near pole of 
the magnet A ; and suppose that every magnetic particle in 
n attracts every magnetic particle in p, and reciprocally. 
Moreover, let all the particles in n=:a, and all the particles 
iap^h, and take distance p nsis b, unit of distance; then, 
total force at this distance =1 will be represented by ax & 
=a &. For the attraction of one particle of t^ to all the 
particles in p will be as (, the attraction of two particles 
of n to all the particles of p will be as 2 &, of three par- 
ticles as 3 &, of m particles as m &, so that if h repre- 
sent all the particles, and m^a, the total force will be 
=a &. 

Suppose, now, we decrease the distance. Let the dis- 
tance, for example, be reduced to one-half p n, the magnet 
A being brought up to the line c d ; then, supposing the 
induction to vary as the simple distance inversely (213), 
n will become 2 n, and p will become 2 p. In this case call 
the particles in ?i = 2 a, and the particles in ^ = 2 & ; then, 
considering 2 a and 2 & as double particles, we have 
attraction of one double particle in n for all the double 
particles in p, as 2 6 ; of two double particles in n, for all 
the double particles in |?, as 2 x 2 6=4 & ; of three double 
particles as 3x36 = 96; and so on to w particles, which 
wHlbeas wx2 6 = 2 m 6. If m=2 a, the total force will 
be represented by2ax2 6 = 4a6 = 2^a6. 

Let distance p nhe now further reduced. Suppose it re- 
duced to J _p 7fc, and that the magnet be now brought up to 
the line ef. Then, according to the same law of induction, 
n becomes 3 n^ and reflected force p becomes 3 p, Season- 
ing as before, we have total force = 3ax36 = 9a l=S^ai, 
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If distance be now diminished to ^pn^we have similarly 
total force represented hj 4iax4i & = 16 a h=i4?ah; and 
so on. 

Taking, therefore, first force a & as a nnit of force, and 
distance ^ f» as a unit of distance, we have, at distances 1, 
2> h h *^' *^® corresponding forces 1, 2*, 3^, 4*, &c. ; that 
is to say, the forces are in the inverse duplicate ratio of 
the distances (175), according to the law of Lambert and 
Coulomb. 

JEfajp. 53. This law may be verified experimentally by 
placing a magnet, fig. 113 (211), immediately under the 
trial cylinder t, and taking the forces within a range of 
about ^ to f of the sensible limit of action. Thus the 
forces and distances, as deduced by the hydrostatic mag- 
netometer (125), were as follow ; the distances being taken 
in tenths of an inch, the forces in degrees :— 

Distances . . . • 12 10 8 6 5 
Forces 2 3 5 8*5 12 

215. We will now take a case in which the induced 
forces, in approaching a limit (213), are no longer in the 
inverse ratio of the simple distances, but as the ^ power, 
or square roots, of tlie distances inversely. Then, taking 
a unit of force t= a &, and the unit of distance =i jpn, and 
reasoning as before, suppose in decreasing the distance to 
line c d, that is, to ^ the former distance, induced force n, 
instead of becoming 2 ?^, is now only V^ n, or nearly, 
whilst _p, instead of becoming 2 ^, is now only 1*4 p, that 
is, the square roots of the distajices inversely. In this 
case, calling force at distance unity=: a &, we have force at 
distance ^ = 1'4 ax 1*4 5 = 2 a b nearly. Similarly, in 
decreasing the distance io^p n, n becomes 1*73 n, instead 
of 3 7^, and jp becomes 1*73 ^, instead of 3 p^ and we have 
for total force at distance ^ = 1*73 ax 1*73 &=!3 a&; and 
60 on. Thus, whilst the distances are 1, |-, ^, &c., the 
forces are 1, 2, 3. In this case, the reciprocal forces of 
attraction are as the distances inversely (175), according 
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to the law observed by Muscbenbroek (184), cases 1 and 
2 ; GSpinus, * Tent. Theor. Electr. et Magn.' 301, &c., also 
arrived at a similar result. 

Uo^. 54. This law may be fully verified by experiment, 
as in the preceding case, by taking the force and distances 
within about one-third the sensible limit of action. Thus, 
with a given magnetic power, the distances being 4 and 2, 
the forces were 8 and 16. In comparing the distances and 
forces with magnets of low power, especially in cases of 
magnets by induction, the forces are generally as the dis- 
tances inversely. Let, for example, the distance s n, fig. 
85 (129), be made constant,' and distance a h varied, the 
reciprocal forces of attraction between a and b will be 
almost invariably as the distances inversely. 

216« Should the induced forces in any case vary in some 
other inverse ratio of the distance — suppose, for example, 
it should approach the ^ power of the distance, which it 
may (213) — ^then, on diminishing distance to the line c d 
(fig. 112) =^ distance p n, force n will become 1*68 n 
instead of 2 w, and force p will be 1*68 p instead of 2 j?, and 
we should have the total force at distance ^ expressed by 
1*68 a X 1*68 6=2*8 a h nearly. Similarly at distance ^ it 
would be 2'8 a x 2*8 h = 7*84 a h ; since, according to the 
same law, n would become 2*8 w, and p would become 2*8 
p, instead of S n and 3 p (214), and so on. In this case, 
whilst the distances are 1, ^, ^, the forces are 1, 2*8, 7'S ; 
that is to say, they are in the inverse sesquiplicate ratio, or 
f power, of the distances, according to the law deduced by 
Martin in three very unexceptionable experiments (188) : 
that is to say, at -J and J the distance, the forces become 
nearly 3 times and 5 times as great (175). 

JExjp. 55. This result may be verified, as in the preceding 
experiments, by noting the distances and forces within about 
^ and f of the sensible limit of action. Thus, at distances 
8 and 4, the forces were 5 and 14, being in the inverse ses- 
quiplicate ratio of the distance, or very nearly. 

L u 
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21?. When the induced forces vary in any inverse ratio 
greater than that of the simple distance, we obtain laws of 
force in an inverse ratio greater than that of the second 
powers. Let, for example, the induced forces approach the 
f powers of the distances inversely (213), so that on re- 
ducing distance p nto ^, n becomes 2*83 n ; at distance ^ 
it becomes 5'2 n, and so on ; instead of 2 t^ and 3 n, as in 
the first case. And let force p vary similarly; then we 
have force at distance ^ = 2*83 a x 2*83 h=8a 6=23 « 6 ; at 
distance ^ it would be 5*2 a x 5*2 &=27 a 5=3* a 5, and so 
on : that is to say, taking a & as a unit of force at a unit of 
distance :=^ n, as before, we have at distances 1, -^j ^, the 
corresponding forces 1, 2*, 3*, &c., that is, 1, 8, 27 ; by 
which we perceive that, as the distances decrease, the forces 
increase in the proportion of the cubes of the distances 
inversely (174) ; being the law of force given by Sir Isaac 
Newton. 

J57ajp. 56. We may verify this result experimentally by 
taking the forces and distances from about f to -I* of the 
limit of action. The balanced beam (fig. 82, p. 128) is 
well adapted to this experiment ; and if we substitute a 
small magnet for the trial cylinder t, so as to extend the 
limit of action, then this law will become very apparent. 
Thus, at a distance of six inches, the force was observed to 
be 2° ; at 3 inches it increased to 16°. 

218. By taking the induced forces p nin some other in- 
verse ratio (213), we may in a similar way obtain a law of 
force such as found by Brook Taylor, Whiston, and 
Hawksbee. Suppose, for example, that at distance ^, n 
becomes 2*37 times as great, and that p varies with it, we 
should then have the total force at distance J = 2*37 a x 
2*37 6=5*6 a h nearly, which would be as the square root 
of the fifth power of the distance inversely (175), and 
which result may frequently be obtained in taking the forces 
and distances within limits &om about the |^ to f of the 
sensible distance of action. 
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If magnetic forces cotild be satisfactorily traced to the 
limits of their vanishing points, we might probably obtain 
laws of force in the inverse ratio of the fourth or fifth 
powers of the distances; at least there appears no reason to 
suppose that the law of the inverse cube of the distance is 
the ultimate law of this species of force, supposing it to 
depend on the mutual play of the inductive actions we have 
described (208, 213). 

219* It may be, perhaps, as well to remark here, that in 
aU these laws of force as thus deduced, and which differ from 
that of the inverse square of the distance, the same result 
may be arrived at in supposing a limit to one only of the 
forces (208) . If we suppose, for example, the reflected force 
p (fig. 112) to change so little at small distances &om 
the magnet as to admit of being taken as constant, then 
the total force would vary with the other; that is to say, it 
would be as the distance inversely, supposing the direct 
force to continue according to that law (213), Thus (215), 
suppose at distance \y force n became 2 n^ whilst force p 
remained unchanged, we should then, calling force at a unit 
of distance a x &, as before^ have the force at distance 
^=2a x& = 2a&; that is to say, the distances being as 
2 : 1, the force would be as 1 : 2. A similar reasoning ap- 
plies to all the other cases (216, 217, 218). It is, however, 
more in accordance with observation to suppose the two 
forces to vary together, 

220. The reciprocal attraction between the opposite poles 
of two magnets differs only from that. of the force exerted 
between a magnet and iron in degree of distant action, not 
in kind . By the presence of permanent polarities in both the 
opposed surfaces, instead of in one only, the inductions upon 
which the subsequent attraction depends are greatly flacili- 
tated. In the force as exerted between a magnetic pole and 
mere iron, the pole w, fig. 112 (208), upon which the reflected 
force depends, has first to be produced ; that is to say, the 
magnetic forces resident in the iron (14) must be first 
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developed, and a portion of one of tliem determined in tlie 
direction of the magnet ; whereas, in the reciprocal force 
between opposite magnetic poles, this portion of the attrac- 
tive process is already complete, and the remaining partis a 
determination of the opposite forces in each bar in the direc- 
tion of the opposed poles (209). In this case, the limit of 
the distance at which the forces act is very considerably 
increased ; by employing a small and powerful trial magnet 
in the balanced beam, &g. 113 (211), we may obtain indi- 
cations of measurable force at a distance of 10 inches or 
more; with delicately suspended needles and large magnets, 
Scoresby obtained indications of force at distances of 50 or 
60 feet. 

221. K we proceed to investigate the laws of magnetic 
repulsion, as exerted between similar magnetic poles (31), 
we shall find the same mutual play of reciprocal inductive 
force as in the case of attraction, with the exception that 
the tendency of the inductions is in a contrary direction to 
that of the existing magnetic developments, fig. 18 (28), 
and consequently to subvert the opposed poles. Now the 
resistance to this subversion by the already established 
polarities is probably the source of the repulsive effect (31). 
In conformity with this result, if we present to the pole 
of the magnet m (fig. 115), whilst acting on the trial cylin- 
der t, the similar pole of a second magnet m, the force on 
the trial cylinder will appear to increase. This is, in fact^ 
the converse of the result already adverted to (212). 
Here the tendency of the induction is (14) to repulse the 
similar polarity, and so increase its operations in other direc- 
tions ; we could hence deduce the law of this induction by 
observing the increase or decrease of the force upon the 
suspended cylinder, as the distance between the two mag- 
netic poles is varied. 

Supposing the laws of the inductive force to be the same 
as before (213), let the similar poles of two magnets A B 
(fig. 112) be opposed to each other^ and let the small space n 
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be taken to represent tlie amonnt of the subyersiye ten- 
denc]^ on tlie magnet b, and the small space ^ that on the 
magnet A; then, calling all the active magnetic particles in 
n=a, and all those in p=&, and taking some distance jp n as 
a unit of distance, we have, according to a similar notation 
and reasoning before given (214), force at distance nniiyss 
a xh\ supposing the indaction to vary as the distance in- 
versely, and the polarity to remain unchanged, it will be at 
distance ^s 2a X 25 = 2^ a&=4a&; at distance ^ it will bo 
=3a X 3&=:3'a& =9a&, and so on, according to the law 
determined by Conlomb (206) ; that is to say, the resulting 
force will be as the second powers of the distances inversely, 
and which may be verified experimentally by means o£,the 
two magnetic instruments (211) employed in all the pre- 
ceding experiments, similar instead of dissimilar magnetic 
poles being opposed to each other, and a limit of distance 
being taken, such as does not affect the existing and esta- 
blished polarities. K in this, as in the former case of attrac- 
tion, we suppose the inductive action to vary (213), then we 
may obtain laws of force according to other inverse powers 
of the distance. In fact, we may suppose the induction 
to be such as will give any law of force consistent with the 
nature of magnetic action. It is not, however, probable, 
from the peculiar character of magnetic repulsion, that any 
law offeree in a greater inverse ratio than that of the second 
power of the distance would be likely to obtain, although 
the force may be frequently found to vary, as is commonly 
the case, in a less ratio; as, for example, in the inverse ratio 
of the simple distance, a very common law of repulsive 
force at comparatively small distances. 

222. We have further to observe, that from the circum- 
stance of the total repulsive power being dependent on the 
permanency of the opposed polarities, and on their relative 
intensity, we may infer, that in the case of opposed polari- 
ties of very unequal force, the weaker may, at some limit of 
distance, yield to the inductive action of the stronger, and so 
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an opposite, bnt weak, polarity may become induced upon 
the subversion of the polarity before existing. In this case, 
the increments in the repulsive force would continue to 
decline, and the repulsion would at length be superseded 
by a weak attraction. This result is especially seen in 
Muschenbroek's experiments before quoted (187), and is 
easily obtained by means of the hydrostatic magnetometer, 
with magnets of very unequal force.* Indeed, it is no un- 
common case to find two magnets repel at some distanceSf 
and attract at others. Even if we employ two magnets of 
precisely equal power, the tendency is always to a mutual 
reversion of their poles ; and this tendency is so powerful, as 
the distance between them becomes considerably diminished, 
that in no case do they remain unchanged. Under such 
conditions, therefore, experiments with repelling poles of 
opposed magnets would be open to considerable disturbance, 
and the results, as observed by Muschenbroek, not conform- 
able to any regular law of force (183). 

223. On a careful review, then, of these investigations, 
we find a fair solution of the seeming contradictions and 
differences in the results of experiments on the law of 
magnetic force by many eminent philosophers alike distin- 
guished for their scientific learning and experimental in- 
genuity ; and they appear to verify, in a remarkably clear 
and satisfactory manner, the truth of the deduction arrived 
at by the celebrated Brook Taylor, viz. 'that magnetic 
attraction, as commonly observed, is quicker at greater dis- 
tances than at small ones, and different for different mag- 
nets ;' which, taking the facts as they present themselves in 
the ordinary way, is undoubtedly the case, and is, if the 
principles we have laid down be exact, not merely an ex- 
perimental fact, but a necessary result of the elementary 
laws of magnetism (208, 213). 

It is, perhaps, to be regretted, that from a predisposition 

* * Edinb. Phil. Trans.' for 1829, p. 37. 
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to identify the law of magnetic attraction with that of central 
forces generally, several profound writers have been led to 
question the accuracy of every result opposed to such a 
deduction. Thus, it has been said of Newton, who found 
the force of magnetism nearly as the cubes of the distances 
inversely (180), that he had very inaccurate ideas of mag- 
netic phenomena.* It would be very difficult, however, to 
show &om the little which this great author has advanced 
on this subject in his immortal work, the * Principia,' in what 
his notions were defective; on the contrary, they appear to 
be in most perfect accordance with experiment, and true to 
the letter. In associating magnetic action with a law of the 
centri^gal forces of particles terminating in particles next 
them, Newton never pretended to offer any theory of mag- 
netism, but says, with his usual diffidence, ' whether elastic 
fluids do really consist of particles so repelling each other is 
a physical question ' which he leaves philosophers to deter- 
mine. On the other hand, the learned Dr. Bobison is led 
to question the accuracy of all the results produced by 
Hawksbee, Brook Taylor, Muschenbroek, and others (1 81), 
conceiving them to have been defective and injudicious; and 
further states, as we have already observed, that magnetic 
attractions and repulsions are not the * proper phenomena 
for declaring the precise law of variation.' Yet it was by 
the means of these very same attractions and repulsions 
that Lambert, and more especially Coulomb, deduced what 
this accomplished author considers to be the true law of 
magnetis^. 

224. The law of Force m dtfferereni Points of a Magnetic Bar, 
—We have seen (26) that the polar forces in a magnetic 
bar decrease rapidly as we recede from the extremities, and 
at last vanish in a point termed the magnetic centre. If, 
therefore, we erect, between the magnetic centre and pole 
(fig.116), a series of perpendiculars or ordinates a, &, c, &c., 

* * Edinb. Encyclopaedia,' vol. xiii. p. 270. 
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Fig. no. 



a\ y^ c\ &c., such as 
may represent the 
force in given points, 
then it is certain these 
lines will increase ra- 
pidly as we approach 
the poles A, B, and we 
shpnld, in passing a 
Imo through the ex- 
tremities of these per- 
pendiculars, obtain 
for the force of the 
north and south po- 
larities some such 
curve as that represented in the figure by the lines c w ^, 
Q qty the ordinates being nothing in the centre c. Cou- 
lomb endeavoured to determine the value of these ordinates 
in the following way :— 

Having determined the times of oscillation of a deli- 
cately suspended needle (s it, ^g, 117), a long magnetic 




Fig. 117. 



y 



n 



wire (sn) was then placed vertically in the 
line of the magnetic meridian, immedi- 
ately opposite the needle, the dissimilar 
polarities being opposed to each other. 
This would not of course change the 
direction of the needle ; it would only 
affect the rate of vibration (137). Tho 
needle was now caused to vibrate oppo- 
site various points s, a, &, <&c. of this 
linear magnet, and at a constant dis- 
tance from it. Then, taking the forces 
as proportionate to the square of the 
number of vibrations (137), and deduct- 
ing the constant force previously deter- 
mined, and by which the needle vibrates 
when the magnet s N is away, we obtain 
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tHe force due to any given point a, h, &c. In tliis experiment 
Conlomb supposes that the resulting force, as thus deter- 
mined, is very nearly that of the point opposite which the 
needle vibrates ; for, if we suppose the oblique forces of 
other points a, c, on each side of a given point 5, to in- 
fluence the result, still one-half the sum of the equi- 
distant oblique actions will not be very different from that of 
the given point h; for if the points on one side a are more 
powerful, those on the other are more weak ; and whatever 
be the nature of the curve cmt (fig. 116), which joins the 
ordinates, we may consider any very small portion (m) as a 
straight line. When, however, we come to the extremity 
of the wire or pole s, then, because there is no point outside 
it, as in the other cases, he doubles the number representing 
the square of the number of oscillations, by which artifice he 
renders the experiment for points near the pole comparable 
with the others. The curve of intensity thus traced by 
Coulomb is a species of curve termed the logarithmic 
curve, the ordinates of which (a, 5, c, Ac., fig. 116) are in 
geometrical progression, whilst the abscissae a, c 5, &c., 
corresponding to these ordinates, are in arithmetical pro- 
gression.* M. Biot, who treats this question from Cou- 
lomb's manuscripts, concludes that this result is a necessary 
consequence of the law of magnetic force being as the 
squares of the distances inversely, and that magnetism, 
like electricity, is little sensible in a body of regular figure 
before we approach its extremities, when it increases very 
rapidly. 

225. The results and progress of Coulomb's investigation 
are, it must be admitted, neither so perfect nor so satisfactory 
as could be desired, owing probably to the many difficulties 
which embarrass the experiment, and the uncertain con- 

* That is to say, the abscissae or distances c a,oh,cc, &c. increase 
by the constant addition of some given number 1, 2, 8, &c., as the case 
may be, and the corresponding perpendiculars or ordinates a, b, c, d, 
&c. by a continued multiplication by some given number 2, 3, 4, &c* 
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dition of the line of particles of the steel as to temper and 
other circumstances. It is therefore doubtful whether the 
logarithmic curve really represents the law of intensity from 
the middle point of the axis toward both poles. Lambert 
considers the force of each transverse element to be directly 
as the distance from the centre, whilst Robison, who repeated 
Lambert's experiments, imagines that this is only true for 
certain magnets. The results of Hanstein's inquiries (207), 
before quoted, go to prove that the power of the distance 
representing the increase or decrease of the magnetic inten- 
sity between the centre and the poles of a magnet agrees 
most perfectly when that power is taken = 2, or that the 
intensity of any magnetic particle situated in the axis is pro- 
portional to the square of its distance &om the middle point 
of that axis. 

226. Much uncertainty appears to have attended these 
inquiries, in consequence of a want of due attention to the 
regularity and temper, and the regular development, pro- 
bably, of the magnetism throughout the bar. It is well 
known that bars not regularly and equably tempered, or only 
hardened about the extremities, will not retain any magnetic 
power except in the tempered parts. In other cases of very 
long bars, to which an adequate power for their complete 
magnetizing has not been applied, we have what has been 
called by Van Swinden culminating points, that is to say, 
they appear to consist of a series of magnets with opposite 
poles in contact ; added to this, the investigation has been 
further embarrassed by the methods of experiment ; these 
have been more or less indirect and liable to uncertainty. 
We may however, by a careful and skilful experimental 
arrangement, arrive at a fair approximation to the law in 
question, and in the following way :— 

Exjp. 57. Let a steel bar (a b, fig. 118), of uniform 
texture, about 20 inches long, 1 inch wide, and "3 of an inch 
thick, be very carefully and equably tempered throughout its 
entire length, and rendered powerfiilly magnetic by the usual 
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process (20),aiid j,. ^^^ 

in such way as 
to bring the mag- 
netic centre, o 
(26), as nearly 
as possible in the 
centre of the bar. 
Verify the posi« 
tion of this cen- 
tre on the upper ^ y- 

Burface A B, by ^ ' i j — J. i 

the process described (28), Esp. 12, and divide that surface 
on each side the centre c into a given number of equal 
parts by lines 1, 2, 3, 4, &c., contisned down over one 
side of the bar. These divisions may be about an inch 
and a half apart. The bar being thus prepared, place it 
edgeways on the table of support represented fig. 83. 
(128), under the trial cylinder t, the divided surface A B 
being uppermost. Examine the forces at successive points 
(1, 2, 3, <fec.) through a small cylindrical armature of soft 
iron (a), of the same diameter above as the trial cylinder 
(t), and about | of an inch or more in height, and at a 
constant distance (a Q, this armature being fairly applied to 
the surface, and so as to cover a small space on each side of 
any given division. The square root of the force thus taken 
in degrees on the graduated arc of the instrument (125) will 
very nearly represent the comparative magnetic develop- 
ment. We may, in fact, observe, that by mdans of the 
armature a we place the trial cylinder sufficiently beyond 
the influence of other parts of the bar, whilst the action 
becomes reduced to two points a, t, or nearly so. Then, 
with respect to the armature itself, we may further observe, 
that supposing the resulting force to be partly derived from 
the oblique forces on each side of it, still those forces would 
be very inconsiderable as compared with that of the point 
actually covered by the armature. Besides, as remarked by 
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Coulomb (224), if we conceive the points on the side next 
the centre to be less forcible than those next the pole, still 
half the sum of all the equidistant forces would come very- 
near the force of the point immediately under the armature, 
at least for a long series of points extending from the centre 
c, but not carried quite up to the extremity of the bar. We 
may therefore obtain in this way such an approximation as 
will leave no doubt as to the law we seek to discover. 

The experiment thus carried out gave the following 
results, the distance a t being '3 of an inch : — 



Distance &om centre • . .12 


3 4 


5 


Force in degrees . . . .14 


10 17 


28 


Magnetic development^ or square 






roots of forces . • . .12 


31 4-12 


6- 



It appears, therefore by these results, that the magnetism 
in different points of a regularly tempered and magnetized 
steel bar, of uniform texture, is directly as the distance from. 
the magnetic centre ; whilst the reciprocal force between 
any given point and soft iron is as the square of the distance 
from, that centre. The distinction is important as regards 
all the preceding investigations, which may be taken to refer 
exclusively to what may be termed the intensity (228). 

227. Laws of Magnetic Charge, — Magnetism, like elec- 
tricity, appears to be a species of force confined to the 
surfaces of certain bodies without any relation to their mass. 
Its accumulation, however, or rather development, in tem- 
pered steel, rather partakes of the form of electrical excita- 
tion than that of accumulation on insulated conductors ; 
when developed in soft iron by influence (33), the develop- 
ment is very analogous in character to that of electrical 
induction by the influence of charged upon neutral con- 
ductors. Now, although the terms magnetic charge, quan- 
tity of magnetism, and such like, may appear to convey a 
very hypothetical meaning, they are yet, if taken in the 
ordinary acceptation of such terms, as applicable to magnetic 
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Fig. 119. 



as to electrical action, since there must necessarily be some 
element of magnetism corresponding to the general term 
quantity, as expressive of the relative or absolute amount of 
the agency in operation, and upon which the observed phe« 
nomena depend. "We have not, however, hitherto arrived 
at quantitative measures in magnetism, which, like the unit 
measure in electricity, determines the quantity of charge 
conveyed to coated glass. We know not, in fact, by the 
ordinary processes of magnetizing, what the relative quan- 
tities of magnetism may be, as developed in various bars ; 
hence the investigation of such measures is of no small 
importance to the progress of magnetic inquiry. 

By magnetic charge, then, we are to understand the 
amount or quantity of magnetism existing in a bar of tem- 
pered steel or iron, under a given attractive force, and which 
we may, as in electricity, term intensity. The following 
experiment shows that 
this intensity is indepen- 
dent of the mass of a 
magnetized body ; and 
that consequently the 
magnetic development is 
entirely confined to the 
surface. 

Exp, 68. Let a b {^g. f''^ "^ 
119) be a small cylinder '""""*" 
of soffc iron, about 2 
inches long, \ an inch in 
diameter, and -j*^ of an 
inch thick. Let a & be 
an interior solid cylin- 
der, also of soft iron, closely applied to the interior surface 
of the external cylinder a b, but capable of being drawn out 
to any point c, or otherwise removed altogether. Let now 
this joint cylindrical mass be attached to a divided scale, 
and a magnet m, fixed at a constant distance j) immediately 




I, 
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under it, bring the whole immediately under the trial cylin- 
der tf as represented in the figure, and according to the 
arrangement more fully shown fig. 83 (128). We may 
then estimate by the attractive forces on the trial cylinder t 
any change of intensity in the induced magnetism, the cylin- 
der A B being taken either hollow or solid, or influenced by a 
greater or less extent of surface cab. Things being thus 
arranged, and the distances p and t being regulated to within 
•^ of an inch, the following results were obtained : — ^The 
force, as observed, with the joint cylinders A b and a h taken 
together as a mass, amounted to 10^ ; under this attractive 
force, the interior cylinder a h being extended toward c, the 
intensity or force on <=10° gradually declined; when the 
surface extended to the greatest limit c, the intensity was 
only ^ as great, the force then being only 5°, On removing 
the interior cylinder a h altogether, the intensity again 
returned to 10°, being precisely the same as at first. We 
may hence conclude that magnetism, like electricity, is 
influenced only by surface, and is altogether independent 
of the mass: a deduction fiirther supported by the fact 
that a hollow tempered steel cylinder acquires as great 
magnetic power by the ordinary process of magnetizing as 
a solid tempered steel cylinder of the same dimensions. 

228. Magnetism, then, being a development confined to 
the surface of magnetic bodies, we require to determine its 
intensity in respect to the quantity developed, and the 
extent of surface over which it is disposed. In reviewing 
the deductions (214) bearing on the law of magnetic attrac- 
tion, it may be observed that the reciprocal force is always 
as the square of the induced magnetism ; that is to say, as 
the square of the quantity of magnetism brought into opera- 
tion. Thus, where the force is in the inverse duplicate ratio 
of the distance (214), when induction = n, we have force 
represented hj ah ; when n becomes 2 n, force = 2' a & ; 
when n becomes 8 n, force = 3^ a &, and so on : that is to 
say, whilst the inductions or quantity of magnetism developed 
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are 1, 2, 8, &c., the reciprocal forces of attraction or intensi- 
ties are 1, 4, 9, &o. The same is observable in any of the 
other laws of force. Take, for example, the case in which 
the force is as the cubes of the distances inverselj (217) : 
when induction = n, force is = a 6 ; when ?» becomes 2*83 n. 



we have force = 2^a5 = 8a6 = 2*83 a h ; when n becomes 

5*2 n, force is 3^ a & = 27 a & = 5*2 ah; that is to say, 
whilst the quantities of magnetism induced are as the num- 
bers 1, 2*83, 5*2, &c., the forces are as the squares of those 
numbers. We may from this infer, that to arrive at the 
quantity of magnetism in operation, all other things being 
the same, we must refer it to the square root of the attrac- 
tion or intensity. 

229. This deduction being a new and important feature 
of magnetic action, it may be Fig. 12^. 

as well to further verify it by | 

something like a direct and • .1 

quantitative process. 

Eoyp, 59. In this experi- 
ment let A, B, c (fig. 120) 
be three precisely equal and 
similar voltaic batteries on 
Smee*s principle, each battery 
consisting of two elements, 
and charged with dilute sul- 
phuric acid. Let t represent 
a cylinder of soft iron, about 
8 inches long and ^ an inch 
in diameter, attached to a di- 
vided scale t V, and surrounded 
by three distinct coils of copper wire covered with silk 
thread, not superposed, but coiled successively round the 
iron. Let the extremities of these coils 1 1', 2 2', 3 3', ex- 
tend to each of the batteries a, b, c, so as to appropriate each 
coil to a corresponding battery ; for example, coil 1 1' to 
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battery A, coil 2 2' to battery B, and so on; the whole being 
so circnmstanced as to admit of an easy connection, and so 
bring one or more batteries into action at pleasure. Let the 
iron cylinder t, thus circumstanced, be placed at a given dis- 
tance p », immediately under the trial cylinder iy suspended 
from the wheel of the magnetometer (125) as in the pre- 
ceding cases ; then, as is evident, when either one or more of 
the batteries A, b, c are brought into operation through their 
respective coils, the iron t becomes magnetic (53), and 
hence arises a reciprocal attractive force between its ex- 
tremity p and the trial cylinder t n, which force is repre- 
sented in degrees of the graduated arc attached to the 
instrument (125). Supposing the batteries to be precisely 
equal and similar, and each to develop the same magnetic 
force when taken singly, we may mfer that if one battery A, 
and one coil 1 1', call up one quantity of magnetism con- 
sidered as a unity of quantity, then two batteries A+B, and 
two coils 1 l'+2 2', taken conjointly, will develop two 
quantities; three batteries and three coils will produce 
three quantities. To determine the law, therefore, as re- 
gards quantity, it only remains to observe the forces of 
attraction corresponding to these several developments. 

The experiment thus carried out gave the following series 
of results, the distance p n being regulated at -^ of an 
inch : — 

Batteries or quantity of magnetism . 12 3 

Force in degrees • . 4 17 37 

We miay here perceive that the intensity (force) is as the 
square of the quantity of magnetism, or very nearly ; being 
precisely the same law as that deduced for electrical charge.* 
To obtain, fcherefore, the relative quantity of magnetism in 
operation, we must take the square roots of the respective 
intensities, the magnetic surface and aU other things being 
the same. 

* 'Eudimentary Electricity' (102), p. 118, second edition. 
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230. Although this law appears pretty evident as respects 
the amonnt of magnetism in the same or equal magnets, we 
still require much further investigation of the law of inten- 
sitj as regards dissimilar magnetic hodies of variable size 
and surface. The conformity of the previous law of mag« 
netic charge with that of electricity would lead to the con* 
elusion that the law of surface was also the same, and that 
the intensity would be as the square of the sur&ce in- 
versely ;* that is to say, the same quantify of magnetism 
. developed upon a double surface would have only ^ the 
intensity. In the present state of magnetic research we 
can only look to this as being a highly probable result ; 
since we have not any direct methods of experiment, as in 
electricity, by which such a law can be fairly verified, we 
require, in fact, to change the surface without interfering 
with the magnetism. Now this is not easily accomplished ; 
if, as iurExp. 58 (227), we extend the surface, we are likely 
at the same time to change the amount of induced mag- 
netism, and we get a mixed result ; or if, in the last Exp. 59, 
we increase the dimensions of the iron cylinder t, we are 
not sure that the quantity of magnetism will remain the 
same. Until, therefore, some fiu'ther means of investi- 
gating this question by experiment are at our command, we 
must be content with considering the law of charge as 
regards surface in the light of a high degree of probability. 
Supposing these laws of magnetic charge so far esta- 
blished, we may conclude that if the respective intensities 
of two similar magnets, the surfaces of which are to each 
other in a given ratio, say as 1 : 2 be the same, then the 
quantities of magnetism in each will be in the same ratio, 
that is, also as 1 ! 2 ; for whilst the intensity increases with 
the magnetism, it decreases with the surface ; and hence 
with tsnce the quantify of magnetism upon twice the sur- 
face,' it remains unchanged ; being precisely the same law 

♦ 'Budunentary Electricity' (114) (115), pp. 134, 185, second edition. 

M 
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as that of the accmnnlation of electricity on coated glass, 
in which the intensity of a whole battery is no greater than 
that of one of the elementary jars taken singly. 

281. We must not, however, confound this result with a 
coUection of charged jars, or a combination of magnetic 
bars, each jar or magnet operating independently of the 
others. What is termed a magnetic battery (19, 115) 
differs essentially from the electrical battery. It is, in fact, 
a mere assemblage of magnets, the resulting intensity ap- 
proaching in a greater or less degree the sum of the inten- 
sities of the whole series ; no one magnet forms, as it were, 
any part of any other magnet ; whereas, in the electrical 
battery, all the jars are united, as it were, into one great 
whole, through the charging rods ; and the intensity is no 
greater in the whole combination than in any one jar taiken 
singly.* To assimilate the action of a number of chaiged 
jars with that of a combination of magnets, the jars must be 
separate, and each brought to operate independently of the 
others. Imagine, for example, a light-conducting disc, of 
6 inches in diameter, poised and suspended from a common 
balance^ then, if we place a small charged jar immediately 
under it at a given distance, the balance will indicate a 
given force. Let ft second similar jar be now placed by 
the side of the former ; then the attractive force will be 
twice as great, and so on, until we have filled an area 
exactly equal to that of the suspended disc. We may 
further conclude that the relative magnetism, in two pre- 
cisely similar and equal magnets, will be as the square 
roots of their respective intensities (228), as determined by 
either of the magnetic instruments (211) employed in these 
researches. 

232. The Magnetic Curve. — The two forces developed in 
a magnetic bar, and resident in its surface, give origin, in 
operating on each other through particles of ferruginous 

* •Eudimentaiy Electricity* (117), p. 139, second edition. 



THE MAGNETIC CURVE. 243 

matter, to certain curved lines of force, as indicated (28), 
fig. 16. These lines were originallj considered as the 
* curvature of the magnetic current,' under an impression 
that thej originated in the circulation of a subtle fluid about 
the poles of the magnet. Athough this hypothesis is now 
but little valued, yet, as observed by Lambert, we must 
admit the existence of the curves, and may, without any 
very great violation of language, call them curves of the 
magnetic current ; it is not the name which constitutes the 
difficulty ; whatever name we give them, we have stiU to 
determine the nature and* properties of the curves. 

This very beautiful physical question constitutes, as before 
observed (201), the principal feature of Lambert's fine 
mathematical paper in the Berlin Memoirs, and has further 
engaged the attention of several eminent philosophers. 
Dr. Eoget, the talented author of the treatise on ' Mag- 
netism,' published by the Society for the Difiusion of 
Useful Knowledge, has also treated this question with con- 
siderable ability. Not only has he given many interesting 
demonstrations of the fundamental properties of the mag- 
netic curve, but has also described a mechanical instrument 
for generating them.* In referring to figs. 16, 17, 18 (28), 
we may perceive that the magnetic curve is either con- 
vergent, as in figs. 16 and 17, or divergent, as in fig. 18, 
according as we employ one or more magnets, and according 
as we refer the forces to similar or dissimilar poles. If we 
conceive (^g, 16) each small particle of iron to be an indefi- 
nitely small needle free to move in any direction, it would 
necessarily arrange itself in a given determinate position in 
respect of the forces in action. In fact, it may be demon- 
strated, that supposing the magnetic force to vary in the 
inverse duplicate ratio of the distance, the direction of the 
axis of a magnetic needle, placed at a given distance from 
the centre of the magnet, will be always a tangent to the 



* * Journal of the Royal Institution,* February 1831. 
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Fig. 122. 



point of curvature of one of those peculiar oval -curves in- 
dicated in the figure (28). Taking, therefore, the fer- 
ruginous particles as indefinitely small magnetic needles, 
we may conceive the line of curvature at any given distance 
from the centre as made up of a series of such smaU needles. 
With respect to the curve itself, it may be considered, 
geometrically, as generated by the movement of two lines 
A c, B 0, figs. 121 and 122, termed radiants, and which 

revolve about the poles A b. 
Fig. 121. with angular velocities 

proportional to the varying 
distances A c, b o, from the 
point of intersection 0. 
Let, for example, the two 
radiants AC, B c, be sup- 
posed to turn about the 
poles A and B, and let them 
have moved together into 
the positions Ac, b c; then, 
if angle c A c be to angle 
GBcasAOtoBC, the points 
c c will be points in the 
magnetic curve. 

The direction of the mo- 
tion of these radiants A c, B c, may be, as is evident, eithei 
in the same, or in opposite directions. When in opposite 
directions, as in fig. 121, both the polar angles gab and 
B A, increase together, and the curve is convergent ; in 
this case we have a single continuous branch A c B. When, 
however, the radiants revolve in the same directions, as in 
fig. 122, then, whilst one of the polar angles c b A increases, 
the opposite angle cab decreases ; in this case the curve is 
divergent, and finally resolves itself into two divergent 
branches, as shown in the figure. 

The magnetic curve possesses several very interesting 
geometi'ical properties, as may be seen in Leslie's elegant 
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work on * Geometrical Analysis;' we have not, however, 
sufficient space to admit of a more general exposition of 
this subject. According to one of the principal properties 
of this cnrve, the sines of the angles made by a tangent and 
the radiants, drawn to the point of contact, are proportional 
to the square of the radiants. Thus, supposing a tangent 
drawn to the point c (fig. 121), we should have the sines 
of the angles formed with c a and c b: : A c^ : b o^. In the 
construction of this curve we require to find points in which 
a small needle being placed, its direction will be a tangent 
to the curve. 

233. We must not conclude our account of these several 
inquiries into the nature and laws of magnetic force with- 
out an especial notice of Professor Barlow's very important 
investigations of the action of spherical and other masses of 
iron on the compass-needle, remarkable not only for the 
precision and elegance of the experiments which they con- 
tain, and the mathematical learning and address which they 
display, but also as furnishing one of those rare examples 
of physico-mathematical research alike important to the 
student and to the progress of science. 

These researches were commenced soon after the appear- 
ance of Hanstein's work in 1817 (207), and were under- 
taken with a view of correcting the errors arising out of 
the attractive influence of the iron of a ship on the com- 
pass. 

As a preliminary experiment, an iron shell, such as used 
in the common howitzer mortar, was placed in difierent 
positions about a compass (142), considered as a centre of 
position, and the deviation of the needle noted both as 
regarded quantity and direction. Now it was soon dis- 
covered that the deviation depended on the position of the 
centre of the shell in respect of the centre of the needle, 
the shell being elevated or depressed in a given vertical, 
so as to place its centre alternately above- and below the 
needle; the deviations of the needle were observed to be in 
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opposite directions; that is, they were first easterly and 
then westerly, or reciprocally. Now this happened in every 
azimnth plane (148), except the plane of the magnetic 
meridian. In this plane the compass maintained its tme 
direction. From these changes in the deviation it followed, 
that in canying the sheU about the compass, aiid elevating * 
or depressing it, in different vertical planes, a point would 
exist in each plane, in which the deviation wonld vanish, 
since the deviation could not possibly change from an 
easterly to a westerly deviation without passing through a 
point of neutrality. In the azimuth east and [west, at^ right 
angles to the magnetic azimuth or meridian, the deviation 
was nothing at the line of intersection of the magnetic with 
the horizontal plane, that is, in the east and west line. In 
this line the needle also took its natural direction. Now it 
occurred to Professor Barlow, that if a great number of 
points of no deviation were thus determined, they might all 
be in the same plane, which plane would probably in these 
latitudes be inclined to the horizon ; for, since only two 
opposite points of no deviation were observed in the hori- 
zontal plane, it could not evidently be parallel to the 
horizon. 

234. With a view to a more perfect experimental investi- 
gation of this interesting question. Professor Barlow con- 
trived a new form of experiment. His apparatus is repre- 
sented in the annexed fig. 128. A plane table t, about 
4 feet 8 inches in diameter, fixed on massive pillars, being 
covered with fine paper, has several concentric circles drawn 
on it. The circular plane is divided into 144 equal parts 
by radii drawn to every 2^® of the circumference, and all 
parting from one principal diameter n s, taken in the line 
of the magnetic meridian. The centre of this table is a 
distinct circular piece of 18 in. diameter, which may be re- 
moved so as to leave an opening for an iron ball or shell n, 
weighing about 288 lbs., and hung on a set of Smciaton's 
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pulleys. Things being thus disposed, a compa^ c ia placed 
on one of the concentrio circles of about 20 inches radina 
or distance from the Kg, 123. 

centre, and the deria- 
tions under the iuflnence 
of the iron ball d ob- 
served at each 5° in 
difierent azamnths, that 
is, in carrying the com- 
pass qnite round the 
circle. By elevating or 
lowering the baU, the 
height or depth of its 
centre, above or bebw 
the centre of the com- - a 

pass needle, in the Ta> 
rious points of no de- 
viation, could be easily 
determined. The result 
of this experiment 

clearly proved that the points of no deviation are all in the 
same plane, which plane is inclined to the horizon at an 
angle of about 20°, being the complement of the angle of 
the dipping-needle (152), that is, the quantity required to 
complete 90% the dip bring about 70° (167). 

It is qnite clear that this method of observation ia vir- 
tnally the same as the former (231), the difference being, 
that we circulate the compass about the ball, instead of 
carrying the ball about the compass, and instead of elevating 
or depressing the centre of the needle, we raise or lower 
tbe centre of the ball. 

235. It may perhaps &cilitat« the conception of this 
extremely beautifnl experiment, aud the resnlts arrived at, 
if we suppose the ball » (fig- 123) to be fixed in the centra 
of the table i, one half being above, the other half below 
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the plane of the table, as shown in the next fig. 124*, and 
Fig. 124. then imagine the compass to be 

circulated about the ball. The 
experiment would then stand 
as in fig. 124 In this figure 
let N E s w be the horizontal 
.plane of the table, n the iron 
ball. Let 8 n he the direction 
of the dipping-needle (152), 
fig. 98 ; "S 8 & n the magnetic 
meridian, and H B the direction 
of the horizontal needle. Now 
we are to suppose the compass to be circulated about the 
ball D in a circle of a given radius, say 20 inches, and its 
centre elevated or depressed above or below the horizontal 
plane at each azimuth of 6^ (148), as the case may be, until 
the deviation vanishes. In this case the centre of the 
compass would bo found to have moved in the plane i Bjp w, 
inclined to the horizon N E s w about 20°, and perpendi- 
cular to the direction n s of the dipping-needle. 

Our conceptions of this experiment may be still ftirther 
enlarged, if, instead of the horizontal needle, we suppose a 
small dipping-needle to be circulated about the ball, prepared 

as in the annexed fig. 125, in which, let a b 
Fjg. 12o. ^ ^ ^gyy small magnetic needle, centrally 

suspended by a delicate thread » c, and 
crossed at the centre c by a horizontal index 
d e, consisting of an extremely light reed, or 
a bristle. If this needle be circulated about 
the ball d (fig. 124), as before, the index d e 
•^ will exhibit the same deviations as the hori- 
zontal needle, whilst the relative position of 
the inclined needle in respect of the polar axis 

n 8 of the ball D will materially assist our comprehension 

of the results. 

Let us then imagine this needle a h (fig, 125) to be in 



7 



z: 



barlow's further inquiries. 24:0 

the point w (Gg. 124) ; it will in this point have no devia- 
tion (233) ; here the line of direction or axis of the needle 
being parallel to the polar axis snof the ball, and the line 
D w, joining their centres, being their perpendicular distance, 
all the attractions upon the needle will balance. Directly, 
however, we move the needle out of this position, the same 
conditions do not arise, except the centre of the needlo 
move in the plane wpBt. It is only in this plane that the 
direction a h (fig. 125) of the needle and the polar axis 
8 n (fig. 124) of the ball d remain parallel, and their 
centres always at the same perpendicular distance. We 
see, therefore, why it is that the points ptiAihe magnetic, 
and points E w in the horizonial plane, are points of no 
deviation. They are, in fact, all points in the plane of 
equal attraction, or neutrality, as we may also term it. The 
east and west points in the horizontal plane are the points 
of intersection of the two planes. There is, however, this 
difference between the inclined and horizontal needles when 
placed in the magnetic plane n » s »; except in the points 
jp 8 tn, the inclined needle varies, in the course of circula- 
tion about the ball d in that plane, much in the same way 
that the horizontal needle deviates in being carried round 
the ball d in the horizontal plane. Now every point in the 
magnetic plane is a point of no deviation for the horizontal 
needle (234), but not for the dipping-needle (235) ; hence, 
for the horizontal needle we have two planes of no devia- 
tion, the inclined plane pBtw and the magnetic plane 
"S 8 sn. It is, however, the inclined plane which we are 
to consider as the plane of no deviation par excellence^ 
because in this plane neither the dipping-needle nor the 
horizontal needle deviates, whereas in the magnetic plane 
there are only four points of no deviation for the dipping- 
needle, viz. the points p E < /W, and these are, after alJ, 
points in the plane of neutrality ; besides this, the cause of 
no deviation of the horizontal needle in the magnetic plane 
is of a very different kind from that of the cause of no 

u 3 
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deviation in the inclined plane, wHcli has a peculiar and 
distinctive character. 

236. Since the nentral plane evidently cnts the surfaco 
of the ball in a great circle j? utv (fig. 126), the plane of 
which passes through the centre c, this great circle has 
been called by Professor Barlow the magnetic equator, the 

axis and poles of which are co* 
incident with the line 8 nof the 
dipping-needle. The hemisphere 
p ntj below the equator p t, ho 
calls the north magnetic hemi- 
sphere, and the opposite hemi- 
Bphere pst the south magnetic 
hemisphere. Any point on the 
sphere is distinguished by its 
magnetic latitude and longi- 
tude, to which end parallels of 
magnetic latitude and meridians of longitude are drawn, as 
on the common globes. Extending the plane of these 
circles, they may be conceived to cut an ideal sphere j? « o«, 
concentric with and surrounding the ball c, and may be 
hence employed to define the magnetic position of any 
point in space with reference to the centre c of the sphere. 
In circulating a compass about the ball in any of these 
lines or circles, Professor Barlow found, as he had antici- 
pated, that the greatest amount of deviation was in tho 
meridian circle passing through the east and west points ; 
on this account he takes this meridian as his first meridian, 
and calls its longitude zero. Instead of imagining an ideal 
astronomical sphere p 8 o nto surround the ball c, and in 
given points of which the compass may be supposed placed, 
it will be in some cases more convenient to imagine such a 
sphere to surround the centre of tho compass placed at c, 
and suppose the ball moved into certain points of longitude 
and latitude ; the practical result will be evidently the same, 
and reference may be made to either at pleasure. 
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237. Very numerotis ezpenmenis and comparisons be^ 
iween the trigonometrical lines (181) of the angles of 
deviation and those of the latitude and longitude of the 
point in which the compass or ball is placed give the fol- 
lowing results ; and which apply to regular as well as irre- 
gular masses of iron. 

P. The longitude being zero, that is, the compass or ball 
being anywhere in the great circle passing by the east and 
west points, ' the tangent of the angle of deviation is pro- 
portional to the sine of the latitude multiplied by the cosine, 
or to the sine of the double latitude.' * 

2°. The latitude being constant, *the tangent of the de- 
viation is proportional to the cosine of the longitude.' 

3°. The latitude and longitude being both varied, * the 
tangent of the deviation is proportional to the cosine of 
the longitude multiplied into the sine of the double lati- 
tude.' 

If we denote the deviation by ^, the latitude by X, and 
the longitude by Ij we have these laws thus algebraically 
expressed :— 

Tan^ = sin 2 X. Tan A =s cos I. 
TanAs= sin2X x cosZ. 

The laws of attraction, with respect to distance and force, 
were found to be as follows : — 

Tan A = 4j- (Tan A )«=f». Tan A = p?. 
a* 

In which the distance is denoted by d and tlie force by P. 

It is to be understood that these laws aro only calculated 

approximatively; they are positively correct only for a 

needle indefinitely small, and placed at a limit of distance 

&om the iron ball, such that the magnetism of the needle, 

and that of the ball, as depending on the induction of its 

position (101), may operate on each other in the way ol two 

* The product of the sine and cosine of an angle is » to the sine of 
twice that angle. 
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magnets. If we bring the needle very near the ball, then 
the induction of the magnetism of the needle upon the iron 
is such as to supersede this action ; and instead of attract- 
ing one pole of the magnetic needle and repulsing the 
other, it will attract either pole of the needle indifPerently, 
or nearly so (221). 

238. This action of an iron ball on the compass-needle, 
contrary to Professor Barlow's expectations, was found 
independent of the mass, and to relate only to a small 
thickness of surface. The following are the results as 
regarded balls or shells of different magnitudes : — 

1°. The tangents of the deviations are proportional to 
the cubes of the diameters of the shells or balls ; so that 
we have, in denoting the diameter by d, tan A a D^. 

2°. The tangent of the deviation is as the § power of tho 
surface. Hence, if we denote the surface by s, we have 
tan A a sa. 

These laws are apparent whatever be the weight or 
thickness of the shell, provided its thickness be not less 
than the -^ of an inch. 

Although the conclusion that magnetism resides wholly 
on the surface of iron bodies appeared satisfactorily esta- 
blished in this kind of action, yet Professor Barlow con- 
siders * further experiments necessary to establish the fact.' 
Such experiments we have already adduced (227), and 
they confirm in a very striking way the truth of this de- 
duction. 

Our limits will not admit of any further account of these 
most valuable researches into the laws of magnetic forces, 
which the student will find very clearly and explicitly de- 
tailed in Professor Barlow's work on 'Magnetic Attractions.' 
We shall, however, have again occasion to refer to their 
practical and theoretical application under another branch 
of our subject. 
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CHAPTER Vn. 

TEBBESTBIAL MAGNETISM. 

The Earth a Magnetic Body — ^Variation, Dip, and Intensity, the three 
Forms of its Magnetism — ^Fhenomena of the Horizontal, Inclined, and 
Oscillating Needles — ^Variation of the Compass — ^Magnetic Charts — 
The three Idnds of Magnetic Lines — Course of the Terrestrial Mag- 
netic Equator — Points of greatest Polar Dip — Points of greatest Polar 
Intensity — ^Position of the Magnetic Poles— Magnetic Disturbances. 

239. Comparing the phenomena of the horizontal and 
inclined needles (21) with those of ordinary magnetic action, 
we can scarcely avoid the conclusion that the globe of onr 
earth is, npon the whole, a magnetic mass, and that it ope- 
rates on those nedles much in the same way as one magnet 
operates on another. We haye seen (152), that in these 
latitudes the position of an evenly-poised and freely-sus- 
pended magnetic bar is not a horizontal position, but an 
oblique position, the north pole being inclined downward at 
an angle of about 69° with the horizontal line. Now, if we 
transport this bar to various parts of the earth, then this 
angle or dip varies, being nothing about the equatorial 
regions, where it is horizontal, and 90° in the regions of the 
poles, where it is vertical (21), that pole of the bar which 
turns towards the north being depressed in the northern 
hemisphere, and the opposite pole in the southern hemi- 
sphere. The following experiment is highly illustrative of 
the magnetic conditions of this phenomenon. 

Eyyp. 60. Let n s (fig. 127) be a magnetic bar 30 inches 
in length, about ^ an inch thick, and 1 inch wide ; we are to 
suppose this bar regularly magnetic and laid edgeways. 
Let fitf bo a short balanced needle of light iron wire or 
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magnetic steel wire, about 2 incHes in lengtb, suspended by 
a filament of silk immediately over the magnetic centre c, 
so as to be a Ml length distant from it. At this point the 

Fig. 127. 
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needle will retain its horizontal position, its axis being 
parallel to the axis of the magnet beneath, and its poles n 8 
in a reverse position to the poles N s of the bar (11). Under 
these circumstances, let this small needle be gradually moved 
along and over the magnetic surface n s ; we shall then find 
it take different degrees of inclination, the inclination being 
greater as we approach either pole n, S, at which points it 
will be 90°. We shall further observe, in tho course of this 
experiment, that the south pole s dips on the north polar 
side of the centre c, and the north pole n on the south side. 
We have here only to conceive the longitudinal magnet n s 
to represent a portion of the earth's surface extending be- 
tween the polar regions, and we have a series of phenomena 
very analogous to those of the direction and dip of the mag- 
netic needle (21). 

The magnetism acquired by a bar of soft iron when placed 
in a given position (100) is further indicative of the mag- 
netic state of our planet. We have already seen (101), 
that, in placing a bar of soft iron in the position of the 
dipping-needle, it is immediately rendered sensibly mag- 
netic; the lower extremity in these latitudes being a south 
pole, and the upper extremity a north pole. If the experi- 
ment be tried in the southern hemisphere, then the lower 
extremity becomes a north pole, and the upper extremity a 
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south pole. Now this is as near an approach to magnetic 
induction (33) as can be well imagined. 

240. This magnetic condition of our planet, from what- 
ever source derived, becomes more fully revealed to us 
through the medium of three classes of phenomena, viz. 
variation (7) (161), dip (21) (161), and intensity (227) ; 
these are the three great forms of the earth's magnetism. 
The absolute values of these elements, the changes to which 
they are subject, together with their mutual relations and 
dependencies, have now become the great objects of inves- 
tigation ; we may add to these certain irregular disturbances 
by which these elements are occasionally influenced, and 
which are more especially traced by means of the magnetic 
instruments and observatories already adverted to (168). 
In order, therefore, to investigate the magnetic condition of 
the earth, we require to know : — 

I*'. The declination or variation of the horizontal needle, 
by which we determine its correct position or direction at 
any given place. 

2®. The inclination or dip, by which we determine the 
true Hne rf direction of the magnetic force. 

3°. The number which represents the ratio of the intensity 
of the force at any given place to some comparative unit 
by which we trace the general magnetic condition of the 
terrestrial surface. 

241. The changes to which the earth's magnetic force is 
subject may be distinguished by the terms secular, perio- 
dical, and irregular. Secular changes are such as are 
slowly progressive, and which run through a certain course 
in very long periods of time, returning finally to their 
original value. Periodical changes are certain regular 
changes or variations, happening in short periods of time, 
such as a day, a month, or even a year. Irregular changes 
are such as cannot bo traced through any uniform course, 
and which are not apparently subject to any given law. 

242. In pursuing this most important physical subject| 
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we cannot do better than commence with the phenomena 
of the horizontal needle. Did the magnetic compass every- 
where coincide in direction with the geographical meridian, 
and were its direction invariable, it would be one of the 
most simple and valuable instruments ever constructed; 
such, however, is not the case (161) ; its direction is not 
everywhere the same ; it seldom coincides with the true 
meridian, and is beside subject to a variety of periodical 
and other variations. 

The angular deviation of the compass from the true 
meridian, termed the declination or variation of the mag- 
netic needle, was certainly known to the Chinese so long 
since as the commencement of the twelfth century. Keou- 
tsoung-chy, a Chinese philosopher, who wrote on subjects 
of natural history about the year 1111, states that *the 
magnetic needle declines towards the east, and hence does 
not point straight to the south, but is only f to the south.' 
Pere Amiot, who resided at Pekin about the year 1780, 
remarks, in confirmation of this, and in reference to the 
north pole of the magnet, * the magnetic needle still per- 
sists in this capital in pointing 2^ and 2° 30' towards the 
west, which is still a peculiarity of this country.' The 
Chinese say, in reference to the south pole, that *the 
needle declines eastward 2° and 2° 30' ; that it is never more 
than 4° 30', and never less than 2°.* * An old manuscript 
in the University of Leyden, written in 1269 by Peter 
Adsiger, also notices the phenomenon of an east declination 
in the north pole of the needle.f The great Venetian 
pilot, Sebastian Cabot, in the service of Henry VII. of 
England, also Gonzales Oviedo, and the celebrated Colum- 
bus, and other early enterprising navigators, all observed 
the deviation of the compass from the true meridian ; indeed, 
it could scarcely have escaped their attention, since they 

* Klaprotb, *Lettre a M. le Baron de Humbolt,* p. 69. 
t Cavallo on * Magnetism/ p. 317^ 
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pnrsned tracts in the course of which the needle mnst 
have changed more than two points. The fact appears to 
have caused no small confusion and anxiety amongst the 
sailors who accompanied Columbus in his first voyage to 
America, the needle having hitherto been always supposed 
to point true north. It appears by Irving's most interesting 
work,* that, on the 13th of September, 1492, Columbus at 
nightfall found his needle pointing 6° to the west of the 
polar star. He again examined this deviation the next 
night, and found it to increase as he advanced •— a cir* 
cumstance which caused the greatest consternation and 
alarm : * it seemed as if the laws of nature were changing, 
and that the compass was about to lose its mysterious 
power.* Columbus, however, quieted the fears of the pilots 
by telling them that the needle had its daily changes round 
the pole, like the heavenly bodies. It is not a little remark- 
able that, notwithstanding the frequency of these observa- 
tions, mathematicians and others of that time who adhered 
to the system of the Aristotelian philosophy, gave little or 
no credence to these accounts, considering the thing im- 
possible. At length, however, repeated observation no 
longer allowed the mere abstract philosopher to maintain 
the discussion, and in 1556 the declination of the compass 
was Mly received by Spanish writers on navigation as an 
established fact.f 

24iS. The first well-authenticated observations on the 
variation of the compass in England are to be found in a 
work by Borough, J Comptroller of the Navy, in 1581 ; as also 
in a work by Norman, of the same date.§ They state, from 
observations at Limehouse in 1580, that the declination was 
at that time 11° 15' East. In the early part of the following 
century. Professor Gellibrand found the declination to be 
only 4P 5' East ; and in 1667 it appears to have vanished 

» « Life of Columbus.* f 'Arte de Navegar' (Valladolid, 1545). 

i * The New Attraction.' § * Discourse on Variation of Compass.* 
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altogether. From that time to the year 1660 the magnetic 
needle did not sensibly deviate from the tme meridian. 
About five years subsequently to this (viz. in 1665), the 
direction of the needle appears to have become about a 
degree and a half west of the meridian ; and this westerly 
declination went on increasing up to the year 1818, since 
which time the needle has been again approaching the true 
meridian. The following table contains the declination, 
with the mean rate of motion as referred to certain periods 
of observation in London between 1580 and 1850, com- 
prising about 270 years :* — 

East declin. Zero. West declination. 

Years . . 1680. 1622. 1660. 1692. 1730. 1765. 1818. 1850. 
Declination .ll°lo' 6° 0° 6® 13° 20<> 24^41' 22^30' 
Bate per year. V 8' 10' 11' 11*6' 9' C 5' 

It may be perceived by this table, that for a period of 
eighty years from the first discovery the needle gradually 
approached the true meridian, and then for a following period 
of 158 years it travelled westward, having at the end of this 
period attained, in 1818, its maximum of westerly declination, 
viz. nearly two points and a half of the compass. It has ever 
since been retrograding, and is now moving again eastward. 
' The mean rates of the movement at the different periods, 
although deduced from a long interval of years, may not, 
upon the whole, be far wrong ; they fierve at least to prove 
that the motion is not unifonp. In approaching the meri- 
dian it has evidently become accelerated, and in approaching 
the maximum has become retarded; the present rate of 
decrease, as deduced by Dr. Lloyd at Dublin, is about 5' 
annually. Thus it appears that the horizontal needle is 
subject to a variable oscillation across the line of the true 
meridian, the period of its westerly movement being about 
160 years, and the limit of its angular variation 24® 41'. 

* The rate of movement has been deduced from the average rates of 
the intermediate periods. 
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Fig. 128. 



The annexed fig. 128 represents this angular movement 
as hitherto observed, the extent of the whole movement 
being represented by the angle w c E, about 50**, that is, 
supposing the easterly semi-oscillation to have been equal 
to the westerly, and the first 
observations to have been 
made duringtheprogress of 
the approach of the needle 
to the meridian c N, in the 
year 1580 ; this wouldmake 
the total period of one oscil- 
lation about 320 years. 

Observations made at 
Paris and other parts of 
the world give similar re- 
sults ; the direction and 
extentof thedeviation, how- 
ever, are not the same for all 
places, whilst in particular 
regions of the globe the 
needle is found to coincide always with the lino of the 
true meridian. At this present time the declination is west 
throughout Europe. As we approach very high latitudes, 
the disturbance in the direction of the magnetic needle is 
very considerable. Parry, in his first voyage, observed a 
westerly declination of more than nine points of the 
compass. 

244. A large number of observations on various parts of 
the earth, from the poles to the equator, on the sea and on 
land, prove that the lines of direction of the horizontal 
needle over the earth's surface are not alike, and that these 
lines are in a constant state of variation, some toward the 
east, others toward the west. 

We are indebted to Halley, who was sent out by the 
Government of William and Mary to make observations 
on magnetic declination, for the first attempt to systematize 
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the different variable directions of tlie magnetic needle. 
His method consisted in first marking on a general map of 
the world all those places in which the declination was 
nothing, and uniting the whole by a line, which he termed 
the line of no declination. He then traced in a similar way 
all the points in which the declination was 10°, 15°, 20°, 
and so on, east or west, thus representing by a magnetic 
chart the variation of the needle upon the surface of the 
earth so far as then ascertained, viz. in the year 1700. 
Many interesting and important results were derived from 
this system. It was observable, for example, that a line of 
no variation ran obliquely over North America across the 
Atlantic Ocean. Another line of no variation descended 
through the centre of China, and passed across New Hol- 
land. From which he inferred that these lines had a com- 
munication near both poles of the world. Between these 
lines of no variation — that is, throughout all Europe, Africa, 
and the greater part of Asia — the declination was observed 
to be westerly 5 and on the opposite side — that is, over all 
the Pacific — ^it appears to have been at that time easterly. 
It was further observable, that the lines of greatest varia- 
tion were confined to the polar regions, whilst the least 
encompassed the globe about the equator. 

245. Lines of equal or of no declination, as thus traced 
on the earth's surface, have been called * Halleyan lines,' in 
honour of their inventor; and more recently 'Wnal 
lines,' or lines of equal angles. The map or chart on which 
these lines are traced has been termed a * variation chart,* 
and is evidently an invention of no mean importance to the 
purpose of navigation. The first chart of this kind, con- 
structed by Halley, has necessarily become obsolete, not 
only from errors arising from the imperfect' state of mag- 
netic instruments at the time of the observations, but also 
from the now known variable state of the earth's magnetism. 
Halley's chart was first revised by Messrs. Mountain and 
Dodson, about 1756. Since this period we have had the 
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magnetic atlas of Churchman, up to the year 1800 ; Han- 
stein's celebrated chart, published in 1820 ; and the varia- 
tion chart and globe of Professor Barlow, which includes 
the observations of Captain Sir James Clarke Ross in the 
Arctic Seas. The latest chart of this kind is a chart by 
Erman, who has determined, from his own observations 
principally, the isogonal lines, up to the years 1827 to 1830, 
throughout the whole length of the Russian empire. These 
later productions comprehend, not only the variation, but 
also the phenomena of the inclination and intensity of the 
force, and may be hence more properly denominated general 
magnetic charts than charts of mere variation. 

The isogonal lines, as thus laid down on a chart, pre- 
sent to the eye a great variety of complicated flexures ; 
they are seldom parallel to each other ; a great portion of 
them appear to converge towards two points on the earth's 
surface, one near Baffin's Bay, the other to the southward 
of New Holland. In Hanstein's chart the isogonal lines 
exhibit a double convergence in the northern hemisphere 
toward two points in the vicinity of the pole indicated by 
the dipping-needle. 

246. It has been ingeniously observed by Euler, that a 
perfect variation chart, continually brought down to the 
latest times, would materially assist in determining the 
longitude. Imagine, for example, that we found ourselves 
in a certain place on sea, or in an unknown region ; we should 
first determine the variation of the compass, either by a 
meridian line or some other method already described (161). 
Suppose the declination to be 6° East ; this determined, we 
seek in the chart for the two lines under which the given 
declination is found — we may then be fully assured of being 
under one or the other of these lines. If we now determine 
our latitude, which is easily done, nothing remains but to 
mark on these two lines of 5® easterly variation the two 
points of equal latitude. Now the circumstances of the 
voyage would decide in which of these points we were 
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placed, since they would necessarily be very far removed 
firom each other; a means of determining the longitude by the 
variation of the needle was, in fact, a main object of Halley's 
expedition. 

247. Beside the great secular or progressive movement 
(243), the magnetic needle is found to exhibit a sensible 
change from month to month, from day to day, and even 
from hour to hour. This important fact of the daily varia* 
tion of the needle was first announced in 1722 by Graham, 
a celebrated optician of London, who observed that whilst 
the needle was annually changing its direction, its north 
extremity advanced westward in the early part of the day, 
and returned again in the evening eastward to the samo 
position. The amount of this daily variation amounted then 
to about half a degree. Since this time the fact has been 
completely investigated by very refined means of observa- 
tion (161), and the following general results arrived at:— 
The north pole of the needle begins between 7 and 8 a.m. to 
move westward, and this movement continues until 1 p.m. 
About this time the needle becomes stationary, and soon 
begins to retrograde east, but with a slower motion than 
that of its previous advance. About 10 p.m. the needle is 
again stationary at the point from whence it started. A 
smaller second oscillation now ensues during the night: the 
north pole moves slowly west until 3 a.m. and then returns 
again as before. The mean daily changes in this country, 
as observed by Beaufoy, and lately by Dr. Lloyd, amount to 
about 9*4 of a degree. The action of the sun is undoubtedly 
the cause of this daily disturbance of the magnetic needle ; 
we may hence expect it to vary in different latitudes both as 
to time and extent ; we require, however, further observa- 
tion for determining whether the daily variations have the 
same direction in points of westerly declination as in points 
of easterly (224). In the southern hemisphere the direc- 
tion of the daily oscillation is reversed: the north end 
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of tbe needle here adyances eastward and returns weBt« 
ward.* 

The annual periodical variation of the needle was dis- 
covered by Gassini in 1786, who found that the north pole, 
from the vernal equinox to the summer solstice, moved east- 
ward, and a^in retrograded west during the next nine 
months. This last motion, however, he found to exceed the 
previous easterly deviation, and constituted the yearly 
secular change. 

The direction of the horizontal needle is in no degree 
affected by its energy as a magnet, whether possessing a 
strong or weak magnetic power ; still its direction and all 
the laws of its variation remain the same—at least so far as 
hitherto observed. 

248. Phenomena of the Inclined Needle, — The series of 
magnetic phenomena of the earth's magnetism which next 
claim our attention are those of the magnetic dip or the 
inclination (21). Mr. Bobert Norman, a celebrated op- 
tician of London, about the year 1756, having accurately 
poised some small compass-bars before touching them 
with the magnet^ found subsequently, that when rendered 
magnetic, they all lost their balance, and assumed a 
certain angular position in regard to the horizon, so much 
60 that the fly or card attached to them (147) required a 
counterpoise. This most important discovery naturally 
excited very intense interest, as materially affecting the 
mariner's compass, and led the discoverer to construct an 
instrument by which the foil amount of this inclination 
could be correctly estimated, and which he found at that 
time in London, viz. in 1766, to be nearly 72°. We have 
already described the nature of this instrument, termed the 
dipping-needle (152) ; we have now to consider its practical 
application to the purposes of scientific discovery. 

The attention of mariners having become directed to the 

* Macdonald, 'Pliil. Trans.' 1796. 
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inclination of tbe needle, and tlie fly or cards of the compass 
as adjusted in London being found to lose their horizon- 
tality by a change of latitude, it soon became apparent that 
the inclination was not everywhere the same, until, as 
already observed (239), it was finally found to be least in 
the equatorial and greatest in the polar regions of the earth. 
Following out Halley's comprehensive views of lines of equal 
variation, the next great step in the construction of magnetic 
charts was the addition of lines of equal inclination ; these 
have been termed isoclinal lines, and portray the course 
of equal dip in aU those parts of the world in which obser- 
vations have been effected. 

248<x. The Magnetic Eguaior,^^hi uniting in this way all 
the points in which the inclination vanishes — that is, all the 
points in which the dipping-needle (152) is horizontal — ^we 
trace in the equatorial regions oi the earth the course of a 
most interesting and important circular line, which we may 
consider as the magnetic equator. This fine, as hitherto 
determin«d, appears embarrassed by distnrbances arising 
not only from almost unavoidable imperfections in magneti- 
cal instruments and the means of observation, but likewise 
from the presence of ferruginous and magnetic masses in 
certain portions of the earth itself. Sir James Boss observes 
of the island of Trinidad : 'As a magnetic station, our 
observations were here utterly useless. Three dipping- 
needles, placed at only just sufficient distance to insuro 
their not influencing each other, indicated as much as 
3° difference of dip.' * This appears also to have been the 
case at St. Helena, and all volcanic islands. 

The magnetic equator, as hitherto traced from a large 
mass of observations by Cook, Bayly, Dalrymple, and other 
navigators, discussed by Biot, Morlet, and Hanstein, would 
seem to be an irregular circular line crossing the terrestrial 
equator in at least three, if not four, points. Thus, in the 

* 'Antarctic Voyage.' 
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annexed ^g, 129, if we suppose tlio circle w ^ B to repre- 
sent the terrestrial equator, then the irregular circular lino 
mto may be supposed to bo Fjo- 129 

the magnetic equator, evi- 
dently portraying between 
the points w and o either 
some great irregularity in 
the earth's magnetic condi- 
tion, or the presence of 
some great disturbing force. From the great regularity 
in all the other portion of the curve, we can readily con» 
ceive its continued progress through the dotted line c?, 
supposing the sources of disturbance we have adverted 
to not to exist, Duperry, who crossed the magnetic 
equator in the * Coquille ' no less than six times during the 
French expedition of 1822 to 1825, and to whose indefa- 
tigable zeal and ability we are indebted for a most careful 
investigation of this great physical problem, has given, in the 
^Annales de Chimie' for 1880, a valuable magnetic chart, 
representing, according to his researches, its general course. 
Duperry traces this great magnetic curve, from his own 
observations alone, through an extent of 247° of west longi- 
tude, comprising the Atlantic Ocean, part of South America, 
the great Equinoctial Ocean, or Pacific Ocean, as far as the 
west side of the island of Borneo. Aft^er this he relies on 
the observations of Col. Sabine at St. Thomas, in 1822, and 
of Oapt. J. de Blosselville * in the * Chevrette,' made in 1827. 
Adopting the eastern node, as determined by Sabine, which 
he places in long. 3° 20' east of the meridian of Paris, in 
the Atlantic Ocean, not far from the west coast of Africa, 
the points of no inclination pass through A&ica, and 
ascend into the northern hemisphere, probably up to the 
fifteenth degree of north latitude, so fao: as the Bed Sea; 

* This most acx!ompli8hed French navigator has since perished in ex- 
ploring the frigid regions of the Arctic circle. 

N 
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then, descending through the Indian Ocean, they cross tlie 
southern extremity of Hindostan, the isles of Malacca, 
and the northern extremity of Borneo ; then, traversing the 
great Pacific, they cross the equator of the globe in a second 
point, in about long. 176° east of Paris ; so that, according to 
this course, the magnetic equator is inclined to the equator 
at an angle of between 14® and 16°, crossing it in two points 
nearly diametrically opposite. It is not unworthy of re- 
mark, that four-fifths of this great circle traverses the vast 
seas of the equatorial regions. Although the curve is cer- 
tainly tolerably regular throughout at least one-half its 
course, yet a large amount of observations for all that 
portion running through the Pacific from 112° to 270° of 
west longitude, tend to involve it in inexplicable windings, 
such as shown in fig. 129. By a careful analysis of the 
observations, recorded at long intervals of time, the nodes, 
or points of intersection of the magnetic and terrestrial 
equators, have a slow westerly movement. 

The isoclinal lines, or lines of equal dip, relative to 
tdl that portion of the magnetio equator w ^ o (fig. 129), 
which appears perfectly circular, are upon the equidistant 
parallels fairly regular, and the dip pretty constant for the 
same parallel at least up to 60° of magnetic latitude (236). 
These parallels comprise Europe, AMca, the Atlantic, and 
the eastern shores of America. Biot, by a refined analysis, 
has given a formula for the inclination, which appears to 
represent the phenomena of the dip in some parts of 
the earth with a fair degree of precision. According to this 
fol*mula, the inclination of the magnetic needle in any place 
is twice its magnetic latitude, a deduction first arrived at by 
Kraft, of St. Petersburgh. Thus the magnetic latitude of 
Quito, in Peru, being 6° 33' 10'', the inclination should be 
13° 6' 20", that is, double this angular quantity. Now 
Humboldt gives the dip at Quito, from observation, 
13° 21' 54", which is a fair coincidence. Barlow, considering 
the magnetic condition of the earth as approaching that 
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of a soft iron ball, arrives at a similar deducfcion; ac- 
cording to his formula, * the tangent of the dip is donble 
the tangent of the magnetic latitude.' It is, however, very 
doubtful whether such formuhe can be satisfactorily applied 
to the whole terrestrial surface, more especially in the 
present imperfect state of these inquiries. 

The following table exhibits the inclination of the mag- 
netic needle as determined at a few remarkable places of 
the globe within a comparatively recent date. 

60UTHEBN HBinSFHEfiB. 



Place . 


Charlotte 
Sound 


Cape of 
Good Hop© 


Lima 


Peru 


Alexandria 


Dip 


64^ 60' 


34° 


10° 30' 


0^0' 


SI** 12' 
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Place 


Eome 


Paris 


Loudon 


Peters- 
burgh 


Hudson's 
Bay 


Dip 


60« 


67® 


69° 


71° 


89° 67' 



It is evident from this table that the magnetic inclination 
increases as we approach the polar regions (239). 

The isoclinal lines appear to form irregular oval curves, 
Jiminishiug in magnitude in each hemisphere as they recede 
from the magnetic equator. 

249. Were the mass of the earth regularly magnetic, 
having its axis and poles of revolution at a given angle with 
the magnetic axis, we might possibly in this case derive from 
the dipping-needle a means of determining the longitude, for 
the parallels of magnetic latitude (236) would then cut the 
parallels of geographical latitude and meridians of longitude 
obliquely ; hence all the points of longitude, in the same 
parallel of terrestrial latitude, would give a different dip, as 
being at different distances from the magnetic equator 
(247). Let, for example, p z (fig. 130) be the axis of revolu- 
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tion, and 8 n the magnetic axis. Let e Q be the terrestrial, 

and e q the magnetic eqnator ; 
take any geographical parallel 
d a a, and any given meridians 
of longitude a, h, c, d. Then, 
as is evident, the points of 
longitude a, h,c, d, taken upon 
the same parallel dag, will bo 
unequally distant from the 
magnetic equator e q ; hence 
the inclination will be dif- 
ferent in these points ; that 
is to say, the latitude being 
known, the longitude would be a function of the mag-> 
netic dip, and would increase or decrease with the distance 
of the given point from the magnetic equator. Although the 
imperfect state of our knowledge of terrestrial magnetism 
does not admit of a practical application of this method, it 
may still prove valuable in some particular cases, and is very 
worthy of further consideration. 

250. The magnetic dip, like the direction of the horizontal 
needle (241), is subject to continual and progressive changes, 
both secular and periodical, and is at this present moment 
rapidly decreasing. According to the records han ded down to 
us by different observers in the pages of the *Phil. Transac- 
tions,' the inclination at London in 1676 was 71° 50'. In 
1676 it had become 73° 30'. In 1723 it was 74P 42', having 
here reached a maximum. In 1790 it had decreased to 
71° 53' ; in 1800 to 70° 35'. In 1821 the magnetic dip, aa 
determined by Sabine, was 70° 3'. In 1830 Captain Kater 
gives it as 69° 38'. According to the observations made at 
the Royal Observatory, Greenwich, it is now about 68° 30'; 
having decreased about 6° 12' in 128 years, or at the 
rate of about 3' each year nearly. If the early observa- 
tions are to be relied on, the magnetic dip, when first ob- 
served by Norman in 1576, was increasing, and had attained 
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a maxiimim in 1723, having increased abont 2^° in 147 
years ; being at the rate of about 1 J' annually. Since this 
it has continually decreased, and with increasing rapidity. 
The mean annual movement from 1830 to 1850 being at tho 
rate of more than 4' each year, whilst the first annual 
decrease between 1723 and 1790 was only at the rate of 
about 2'5' annually. Admitting some sources of error in 
the earlier observations, there is still sufficient evidence of 
an accelerated and retarded movement in the secular changes 
of the inclined needle. 

The inclination, like the declination, appears subject also 
to a slight hourly variation ; it is, however, very small. 
According to Hanstein, the inclination is about 4/ greater in 
the morning than in the afternoon. 

The inclined needle, like the horizontal needle, is not 
affected by its power as a magnet as to direction ; whatever 
be the magnetic force, the angle of inclination remains the 
same under the same circumstances. 

251. Needle of Oscillation, or Magnetic Pendulum,--^ 
Although the phenomena of the variation and inclination 
of the magnetic needle portray, under two peculiar forms, 
the general distribution of magnetism throughout the earth 
considered as a magnetic body, yet these forms are not so 
well adapted to convey so definite a view of the magnetism 
of our planet as would be obtained by an adequate exa- 
mination of the relative magnetic intensity of different points 
of its surface. A large number of facts have been adduced to 
show that a freely- suspended needle in a state of oscillation 
is influenced by the magnetic force of the earth in a way 
analogous to that of a common pendulum oscillating by the 
influence of gravity ; and that hence, by means of such a 
needle (137), we may determine the ratio of tho intensity 
of terrestrial magnetic force throughout the whole extent of 
the earth's surface. This method of determining the mag- 
netic intensity in the different regions of our globe was first 
suggested by Graham, so long since as the year 1775, and 
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was afterwards more folly employed-ftnd perfected by Cou- 
lomb, Humboldt, and Hanstein. The examination of the 
earth's magnetic intensity had also, at the instigation of the 
Eioyal Academy of Sciences, engaged the attention of the 
unfortunate La Perouse, in his expedition to the South Sea 
in 1785. The results, however, if any, perished with the 
expedition. 

The nature and principle of the instrument more espe- 
cially adapted as a magnetic pendulum has been already 
described and explained (138) ; and we have seen that the 
force urging the needle is taken as proportional to the square 
of the number of vibrations made in a given time. It is, 
however essential to remember that, unlike the horizontal 
and inclined needles as to direction, this law applies aamuch 
to the magnetic force of the needle itself (140) as to the 
magnetic intensity of the earth, a condition which at once 
destroys the perfect analogy between a vibrating magnetic 
needle and a common pendulum oscillating by the force of 
gravity. That would be the most perfect form of magnetic 
pendulum, which would only involve in the consideration of 
the force in operation the magnetic force of the earth itself, 
much in the same way as in measuring the force of gravity by 
the common pendulum, we neglect the small attractive force 
of the matter of the pendulum, as being indefinitely small 
in comparison with the gravitating force of the earth. If a 
small needle of perfectly soft iron, not having any polarity 
of its own, and delicately suspended, could be caused to- 
vibrate across the magnetic meridian at various parts of the 
earth, solely by the influence of terrestrial magnetic induc- 
tion, we should then have a magnetic pendulum approach- 
ing the condition of the common pendulum ; we cannot, 
however, produce such a result, and we therefore have 
recourse to needles of tempered steel, permanently mag- 
netic ; that is to say, we give our pendulum an inherent 
force, so as to put it in a postion to operate upon the mag- 
netism of the earth. It still remains, therefore, to inquire 
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wliat new coirections it may be requisite to introduce into 
our calcnlation of the experimental results obtained under 
tliis peculiar condition of the vibrating body, more especially 
when we observe (220) that the magnetic force exerted 
between opposite and permanent magnetic polarities may 
vary in a different way from that between a magnet and 
soft iron (217), and hence the same law of force between 
the centre and poles of a magnetic bar (226, Exp. 57) is not 
found to obtain when the force is taken between the dif- 
ferent points of the bar and a small suspended magnet. The 
true measure of the earth's magnetic intensity at any point 
of its surface would be its inductive force on soft iron. 
This, according to the laws we have arrived at (213), would 
be as the quantity of magnetism in operation directly, and 
as the distance inversely. Supposing we could actually 
measure the reciprocal force between any point of the 
earth's surface, considered as a magnet, and a given mass 
of soft iron without sensible polarity, then, as we have 
shown (228 and 229), the relative quantity of magnetism in 
operation, as referred to the earth, is represented by the 
square roots of the respective intensities or force of the re- 
ciprocal attraction. 

The method, hoAvever, commonly resorted to, of deter- 
mining the magnetic intensity of any point of the terrestrial 
surface, is that of the vibrating magnetic bar (137, 253), 
as being upon the whole simple and available. It is, never- 
theless, unquestionably open to objection, and the results 
hitherto arrived at by such means are not to be viewed in 
any other light than that of rough approximations. When 
we employ this method, we must take especial qare to 
operate with the same needle, and with a needle in which 
the magnetism may be considered as invariable ; to insure 
this, it is even found requisite to apply a small correctioa 
for changes of temperature. 

252. In determining the terrestrial magnetic intensity 
with the needle of oscillation, we may either employ the 
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Fig. 131. 
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inclined needle (155), or the horizontal needle (141), or 
otherwise the vertical needle (155). From the circum- 
Btance, however, of the greater impediment to motion in 
the construction of the dipping-needle (152), the delicately- 
suspended horizontal needle (141) is commonly preferred ; 
nowithstanding that it involves some final calculation before 
the total intensity can be determined. 

Let, for example, s N (fig. 131), be a light magnetic bar 
horizontally suspended by a fibre of silk m (141). Let 
Kd he its natural inclination or dip at a certain point of 
the earth's surface ; then taking this line if dto represent 
the total magnetic force,* we may conceive this force to be 

the equivalent or resultant of 
two other forces : one (n^?) acting 
in the horizontal direction s n of 
the needle, and the other (n v) 
acting in the vertical, or direc- 
tion perpendicular to the line of 
the needle. These two forces 
have been termed the horizontal 
and vertical components of the 
terrestrial magnetic force, such as it is found under any 
inclined or natural direction N d. If, therefore, we take 
the oscillations of the dipping-needle as a measure of the 
intensity, we may suppose the oscillations to riBSult from the 
whole N (^ of the terrestrial magnetic force, since the needle 
vibrates across the line n d^ or line of its natural direction ; 
but if we take the oscillations of the horizontal needle as a 
measure of the intensity, then, as is evident, the vibrations 
do not result from the action of the whole of the terrestrial 
magnetic force N d, but only from that part of it N j? acting 
in the horizontal line of the needle, and which will be greater 
or less according as the direction is more or less inclined to 
the horizon. Now it is easy to see in the above fig. 131 , 
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that taking n jp to represent the horizontal component of 
the total force n d, we have N jp=cos of angle p n cZ (181); 
that is to say, the cosine of the dip. So that, calling total 
force N cZ = E, and the horizontal force or component 
Np r^=iry we have r=RXcos of dip, the cosine of the dip 
being the fdnction of the obliquity which represents that 
portion of the whole force acting on the horizontal needle 
(195). We may arrive in a similar way at the total inten- 
sity by means of the vertical component n i;, that is, by 
observing the oscillations of a vertical needle (155). In 
this case, however, we have to take into account the vertical 
force N i;=jp c?=sin of the angle or dip |? N cZ, which, calling 
the vertical force = s, gives s = R x sin of the dip.* The 
first of these methods, however, is usually preferred ; and 

from this we obtain e= cT^- 

cos of dip 

253. We are indebted to the indefatigable Humboldt for 

the first practical results of the application of the needle of 

oscillation to the investigation of the variable magnetic 

intensity of the earth. Having carefully determined the 

time of a given number of oscillations of a small magnetic 

needle at Paris, he transported the same needle to Peru, 

and again examined its rate of vibration ; the result was, 

that whilst this needle performed at Paris 245 oscillations 

in ten minutes, it only made at Peru 211 oscillations in the 

same time. The relative intensities (138), therefore, were 

as 245^ : 211^, that is, as 1*3482 : 1 ; or, calling the inten- 

sity at Peru, a point of the magnetic equator, unity, then 

the force at Peru and Paris would be as 1 : l-3482.t This 

♦ These formulse will be more fully comprehended by referring to the 
notes in paragraphs 182 and 195. 

t At the time when Humboldt made this experiment, an opinion pre- 
vailed that the intensity was the least where the dip was zero; it was on 
this account that Peru was taken as unity. Some doubts, however, 
have since arisen upon this point ; still the scale assumed by Humboldt 
is usually resorted to ; hence, to express intensities less than that of the 
magnetic equator, we must employ numbers less than unity, 
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kind of experiment has since been extended to almost every 
known part of the globe ; the result has been a series of 
numbers representing the ratio of the terrestrial magnetic 
intensity to a given unit for every point of the earth's sur- 
face. The following table may be taken as an illustration for 
a few remarkable places. 



Place 



Intensity 



AlittleW.of 
St. Helena 



0-743 



Bio de 
Janeiro. 



0-887 



Cape of 
Good Hope 



0-945 



Peru 



Isle of 
France 



1-096 



Place . 


Naples 


Paris 


Berlin 


London 


BaflRn's 
Bay 


Intensity 


1-274 


1-348 


1-350 


1-369 


1-707 



It appears by this table, as first announced by Humboldt, 
that the intensity is least about the equatorial regions of 
the globe, and greatest in the polar regions. By the inde- 
fatigable labours of Hanstein, Erman, and a few other 
observers, we are in possession of a table of intensities for 
a large portion of the terrestrial surface. 

254. If we connect all those points in which the terrestrial 
magnetic intensity as thus deduced is the same, we arrive at 
a series of lines termed * Isodynamic,' or Hues of equal 
power. Tlj(Bse lines, according to Sabine and others, are 
not always parallel to the isoclinal lines ; the differences, 
moreover, are systematic. It has been further inferred, 
from a chart of these lines, that the points of greatest and 
least intensity are not identical with the points of greatest 
and least inclination; the intensity, therefore, of the mag- 
netic equator may not be everywhere the same. 

Although these isodynamic lines are still rough and 
incomplete, yet we cannot doubt of their being curves of 
double curvature returning into themselves. In Siberia 
and the Pacific, toward the polar regions, they arc found, 
according to Hanstein and Erman, to consist of a system of 
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Fig. 132. 




double loops, as it were, enclosing two polar points. The 
annexed fig. 132 may be 
taken in the way of approxi- 
mation to the form of these 
loops, in which a, &, are the 
points or poles of the sys- 
tern. Hanstein places the 
western of these intensity 
poles near Hudson's Bay, 
in lat. 50° K, long. 90° W. ; 
and the other eastern, or 
Siberian pole, in probably about 70° North latitude, and 
120° East longitude. In the southern hemisphere, the loop 
form of the intensity lines and the two intensity poles are 
more fully developed as we recede from the equator. The 
two southern points have been placed, one to the south of 
New Holland, in lat. 60° South, long. 140° East ; the other, 
in the South Pacific Sea, also in lat. 60° South, but long. 120° 
West. These four poles, therefore, are not diametrically 
opposite each other. The intensity of the North American 
pole, and that of the southern pole, near new Holland, are 
nearly alike, being both about 1*8 ; as are also those of the 
Siberian and South Pacific poles, which are about 1*7. The 
two polar intensities, therefore, in each hemisphere, are 'of 
unequal force. Both the isoclinal and isodynamic lines would 
appear from these investigations to enclose two foci or points 
of greatest attraction, the bends or flexures of the curves 
being less marked as we approach the equator. 

On comparing the observations of Sir James 0. Ross 
with those of Erman, we find that the terrestrial magnetic 
force towards the south pole increases nearly in the ratio 
of 1 : 3. Since, upon a discussion of all the best observa- 
.ti^ons, it appears that the maximum may be taken as 2*052, 
the minimum as 0*706; both these are found in the 
southern hemisphere. The ratio of the maximum to the 
minimum force, then, is as 1 * 2*9 neai4y, or nearly aa 1 •' 3« 
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From the profound inquiries of Gauss, it appears that tho 
total and absolute terrestrial magnetic force, considering 
the earth as a magnet, is equal to six magnetic steel bars of 
a pound weight, magnetized to saturation, for every cubic 
yard of surface. Compared with one such bar, the total mag- 
netism of the earth is as 8,464,000,000,000,000,000,000 : 1, 
a most inconceivable proportion. 

Tho terrestrial magnetic force, as thus deduced by the 
needle of oscillation, like the elements of declination and 
dip, is subject both to secular and periodical changes (241). 
The amount of the secular change is not yet determined, 
according to Hanstein ; however, the intensity is gradually 
declining throughout Europe. Sir James Clarke Ross, 
from observations on board the * Erebus * in 1839, concludes 
that the line of least intensity had advanced considerably 
northward. 

The periodical and diurnal variation, as hitherto observed, 
gives a maximum of intensity between 9 and 10 p.m., and a 
minimum between 10 and 11 a.m. The monthly variation 
evinces a maximum in December and a minimum in June. 

The greatest change or difference in the annual intensity 
of the northern hemisphere is about 0*0359. 

255. The needle of oscillation is not the only means em- 
ployed for determining the magnetic intensity of the eartb. 
Gauss resorts, for example, to a statical experiment, which 
consists in deflecting a magnet, delicately suspended by a 
silk filament from its meridian, by means of Bk second mag- 
net (133), and from which he conceives the absolute inten- 
sity may be derived.* Mr. Fox also proposes to determine 
the earth's intensity by means of weights applied on his 
dipping-needle deflector (159) to balance the dip. 

Variations in intensity are measured by the bifilar and 
vertical force magnetometers (165) (167), as also by a 
species of steelyard balance contrived by Professor Lloyd. J 

* See Gauss, * Intensitas vis Magneticse Terrestris,* &c. 
t 'Account of the Dublin Magnetic Observatory.* 
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256. Position of the Terrestrial Magnetic Poles, — Tho 
first step in the generalization of the phenomena of tho 
declination of the magnetic needle is due to Halley, who 
conceived the notion of four terrestrial magnetic poles, two 
in each hemisphere, one fixed, the other in motion. The 
north pole, nearest to England, he places in lat. 83° North, 
longitnde ahont 6® west of Greenwich ; the other in 
lat. 75° North, long. 115° West. The two southern poles ho 
places, one in latitude about 74° South, long. 95° West ; tho 
other in about 70° South lat., and long. 120° East. These 
positions he thinks consistent with the then observed direc- 
tion of the magnetic needle in various places. Churchman, 
in his 'Magnetic Atlas,' only traces two poles, one in 
lat. 58° North, long. 134° West; the other in lat. 58° South, 
long. 165° East. Hanstein, from his magnetic chart of vari- 
tion, dip, and intensity (245), is led, with Halley, to infer 
the existence of two poles of unequal power in each hemi- 
sphere, towards which the isogonal lines appear to converge 
by two separate systems in each hemisphere. The stronger 
north pole he finds above the American continent, in 
lat. 70° North, long. 92° West ; the weaker he places in the 
Arctic Ocean, in lat. 85° North, long. 140° East. The stronger 
south pole he places in lat. 69° South, long. 142° East, not far 
south-west of Van Diemen's Land ; the weaker south pole 
is in lat. 79° South, long. 136 West, being south-west of 
Terra del Fuego. These four poles, therefore, are at present 
nearly diametrically opposite; their precise position, however, 
is subject to a great secular change. Did we infer the po- 
sition of the magnetic poles from the course of the magnetic 
equator, considering them as the extremities of the axis of 
this great circle, we should find the north magnetic pole in 
Greenland, a little beyond Baffin's Bay, lat. 78°, long. 60° 
West ; and the south magnetic pole in the Antarctic Sea, 
lat. 76° South, long. 130° East. The precise position and 
course of the magnetic equator, however, are still involved 
in doubt; which, together with tho apparently uncertain 
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and irregular distribution of the earth's magnetism, forbids 
our placing any great confidence in the position of the two 
magnetic poles, as thus deduced. 

By observations with the dipping-needle on board H.M. 
ship * Brazen,' in May, 1813, a point approaching verticity 
was found in Hudson's Bay, in lat. 69**, long. 92° West. 
Parry, in August, 1819, was to the north of this, and found 
the dip 88° 37'. The position of the pole, from his subse- 
quent observations, would be in about lat. 71°, long. 93° West. 
In 1832, the observations of Sir James 0. B/dss completely 
confirmed the close approximative position of this point of 
polarity. This celebrated navigator found the dip near 
Prince Regent's Inlet, in the great American continent, 
lat. 70° North, long. 96° West, to be within one minute 
of 96°, and which coincides wonderfully with Hanstein's 
deduction. Barlow also observes: * This is precisely the 
point in my globe and chart in which, by supposing all 
the lines to meet, the several curves would best preserve 
their unity of character as a system.' So far, therefore, we 
have confirmed by observation the position of at least one 
point of verticity of the dipping-needle in the northern 
hemisphere. Gauss, whose enlarged, profound, and com- 
prehensive views of terrestrial magnetism have so long com- 
manded the attention of European science, has endeavoured, 
from certain theoretical considerations, to doubt the ex- 
istence of more than a single pole in each hemisphere, one 
of which he places in about lat. 73° 35' North, long. 96° 
West, the other in about lat. 72° 30' South, long. 152° 
East. Both these points are not far from the results of 
observation. 

Professor Barlow, following out his formula for the dip, 
viz. tangent 5 = 2 tangent \ (250), and, considering the 
magnetic condition of the earth as being analogous to that 
of a simple iron ball or shell (233), is led to conclude that 
each point of the terrestrial surface has its own particular 
polarising axis, the extremities of which fall probably in all 



MAGNETIC STOEMS. 279 

cases within the polar circles. These are the least Hmits 
we can at present assign them. There is consequently, he 
says, no particular spot in the polar regions, which may, 
par excellence, be taken as the magnetic pole ; if there were, 
he imagines it might, by the above formula, be easily com- 
puted, whereas, on subjecting the observed elements to 
calculations, he found discrepancies t)f no less than 10° of 
latitude, and 65® of longitude. Observation, however, still 
confirms the notion of a point of verticity for the dipping- 
needle. 

257. Magnetic Storms. — ^Besides the secular and perio- 
dical variations of the magnetism of the earth, as indicated 
by the phenomena of the horizontal and inclined needles, 
we also find these needles subject to certain irregular vari- 
ations, uncontrolled by any apparent law. It is to the 
illustrious and indefatigable Humboldt that we owe all our 
first knowledge of such perturbations. Being engaged at 
Berlin, in 1806 and 1807, in examining the changes in the 
declination of the needle for every half-hour, his attention 
was called to certain capricious agitations in its position, 
not referable to any accidental or mechanical cause, and 
which occasionally caused so great an oscillation as to lead 
him to refer them to a sort of magnetic reaction, propa- 
gated from the interior of the earth. He accordingly 
designates these disturbances as 'magnetic storms,' as 
being analogous to the sudden changes of electric tension 
which ensue in the electric storms of the atmosphere. 
During these storms the needle is observed to be affected 
by a sort of shivering motion, and to oscillate several de- 
grees on each side of its mean position. In 1818, further 
observations were made* simultaneously by Arago at Paris, 
and Kupffer at Kassan, in Russia, which showed, in a 
satisfactory way, that these perturbations, announced by 
Humboldt, occurred in both places at the same instant of 
time, notwithstanding that the places of observation were 
separated by 47° of longitude. Full attention being at 
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length called to this subject, Humboldt, in 1830, succeeded 
in establishing magnetic observatories in various parts of 
Russia, which have since been extended to other parts of 
the world (168), constituting such a network of inquiry 
into all the great facts of terrestrial magnetism as would 
have been but a few years before difficult to imagine. Since 
the year 1828, from Toronto, in Upper Canada, to the Cape 
of Good Hope and Van Diemen's Land, from Paris to 
Pekin, we find magnetic observatories, all established under 
one uniform system, and carrying on similar and simulta- 
neous observations. The principal magnetic instruments 
employed in these observatories have been already described 
(161), and from continuous observations, carefally regis- 
tered, in almost every country of the globe, we are pre- 
sented with the startling fact of an unceasing series of 
what may be termed terrestrial magnetic pulsations, 
extending simultaneously over an interval equal at least 
to the whole breadth of Europe, and perhaps over the 
whole terrestrial surface. * When,' says Humboldt, * the 
tranquil hourly motion of the needle is disturbed by a 
magnetic storm, th\. perturbation frequently proclaims 
itself over hundreds ant thousands of miles simultaneously, 
or is propagated gradua-'^y in brief intervals of time in 
every direction over the sui.%ce of the earth.'* 

258. Beside these magnetic disturbances referable to 
some hidden and sudden change in the condition of tho 
earth's magnetism, we find other singular disturbances in 
the position of the magnetic needle at the instant of the 
appearance of the Aurora Borealis, or Northern Lights. 
This lact was especially noticed and studied by Dalton so 
long since as the year 1703, who observed that the luminous 
beams were parallel to the dip, and the arches at right 
angles to the magnetic meridian. This disturbance of the 
magnetic needle consists in an inxgular oscillation somc- 

^ * Cosmos.* 
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times to the eastward, and then to the westward of its 
mean direction. The greatest amonnt of disturbance is 
when the anrora is in the zenith. Hanstein also, who has 
stndied this phenomenon, says that the shivering move- 
ments of the needle never perhaps occur except at the time 
of an aurora, and that the disturbances are felt at the same 
instant of time in places widely separated ; the extent of 
the movement may, in twenty-four hours, amount to between 
5^ and 6°. Arago thinks that the aurora disturbs the needle 
even before the light shows itself in the horizon. Tho 
auroras which are only visible in America and Siberia are, 
he says, found to affect the magnetic needle at Paris. It 
is not improbable that the presence of an aurora and the 
disturbance of the magnetic needle are both effects of tho 
same or a similar cause, so that we cannot assume the pre- 
sence of the aurora as the active force ; we should rather 
regard it as an accompanying phenomenon ; more especially 
as we find, according to Oapt. Foster's observations at Port 
Bowen, that during certain auroras the magnetic needle 
remains undisturbed. It has been further shown experi- 
mentally, by the author of this work (*Edinb.JPhil. Trans.* 
1834, vol. xiii.), that the magnetic oscillations are un- 
affected by the presence of a powerful column of mere 
electrical light flashing throagh an exhausted receiver 
6 feet high and 4 inches in diameter. 

Halley, more than a century since, considered the aurora 
to be a magnetic phenomenon, a conjecture which bids fair 
to receive complete confirmation. According to Humboldt, 
the aurora may be considered as a terrestrial magnetic 
activity raised to the intensity of a luminous phenomenon, 
one of the sides of which is the light, the other the dis- 
turbance of the needle ; so that this magnificent appear- 
ance may be considered as the act of discharge at the con- 
clusion of a magnetic storm. 
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CHAPTEB VIII. 

rEREESTRIAL MAGNETISM (continued.) 

Great Becent ProgreBS of the Science — Reports of the Committee of 
Physics and of the Joint Committee of the Boyal Society and British 
Association — Observations taken at the Observatories of Kew and 
Greenwich— Variations of the Magnetic Dip in London. 

269. The science of teiresfcrial magnetism lias received 
remarkable development since the publication of the first 
edition of this work in 1852. The institution of tho 
colonial magnetic observatories, on the joint recommenda- 
tion of the Royal Society and British Association, and the 
continuons photographic records at the Kew Observatory, 
have introduced investigations of a much wider scope than 
had been contemplated by any previous institutions, or 
than bad been provided for by the arrangements or instru- 
mental means of any previous establishment, whether 
national or private. 

The two chief branches into which the science of ter- 
restrial magnetism in its present state may be divided, may 
be stated to be these.* 1. Observations on the actual 
distribution of the magnetic influence over the globe at the 
present epoch in its mean or average state, when the effects 
of temporary fluctuations are either neglected or eliminated 
by extending the observations over a sufficient time to 
neutralize their effects. 2. The history of all that is not 
permanent in the phenomena, whether it appear in the form 

• 'What Colonial Magnetic Observatories have accomplished,' SabinCt 
• Proc. Roy. Soc* vol. viii. p. 396 ; and * Report of tho Committee of Physics, 
appointed and approved by the President and Council of the Royal 
Society.' 
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of momentaiy, daily, monthlj-, or annual change and 
restoration ; or in progressive changes not compensated by 
counter changes, but going on continually accumulating in 
one direction, so as in the course of many years to alter 
the mean amount of the quantities observed. 

With reference to the first of these two branches, the 
Beport goes on to state : — * The three elements, viz. the hori- 
zontal direction, the dip, and the intensity of the magnetic 
force, require to be precisely ascertained before the mag- 
netic state of any given station on the globe can be said to 
be fully determined . • . and as all these elements are 
at each point now ascertained to be in a constant state of 
fluctuation, and affected by transient and irregular changes, 
the investigation of the laws, extent, and mutual relations 
of these changes is now become essential to the successful 
prosecution of magnetic discovery.' 

With reference to the second branch, viz. the secular 
and periodical variations, it is obsei*ved that *the pro- 
gressive and periodical being mixed up with the transitory 
changes, it is impossible to separate them so as to obtain a 
correct knowledge and analysis of the former without 
taking express account of, and eliminating the latter ; ' and 
with reference to the secular changes in particular, it is 
remarked: * These cannot be concluded from compara- 
tively short series of observations without giving to those 
observations extreme nicety, so as to determine with perfect 
precision the mean state of the elements at the two ex- 
tremes of the period embraced, which, as already observed, 
presupposes a knowledge of the casual deviations.' 

With regard to the phenomena designated 'casual 
variations,' all that was known, when the Report of the 
Committee of Physics was written, was that there occurred 
occasionally, and, as it was supposed, irregularly, distur- 
bances in the horizontal direction of the needle, which were 
known to prevail with an accord which it was impossible 
to ascinbo to accident, simultaneously over considerablo 
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spaces of the earth's surface, and were believed to be in 
some Tmknown manner connected, either as cause or effect, 
with the appearances of the Aurora Borealis. The chief 
feature by which the presence of a disturbance of this 
class could be recognised at any instant of observation — or 
by which its existence might be subsequently inferred inde- 
pendently of concert or comparison with other observatories 
— appeared to be the deflection of the needle from its usual 
or normal position to an amount much exceeding what 
might reasonably be attributed to irregularities in the ordi- 
nary periodical fluctuations. The observations which had 
been made on the disturbances anterior to the institution 
of the colonial observatories had been chiefly confined to 
the declination. 

A few of the German observatories had recently begun 
to note the disturbances of the horizontal force ; but as yet 
no conclusions whatever had been obtained as to their laws. 
By the instructions of the committee, the field of research 
was enlarged, being made to comprehend the disturbance 
phenomena of the three magnetic elements ; and the im- 
portance of their examination was urged, not alone as a 
means of eliminating their influence on the periodic and 
progressive changes, but also on the independent ground 
that * the theory of the transitory changes might prove 
itself one of the most interesting and important points to 
which the attention of magnetic inquirers can be turned, 
as they are no doubt intimately connected with the genera 
cause of terrestrial magnetism, and will probably lead ua 
to a much more perfect knowledge of these causes than 
we now possess.' 

For the discussion of the laws of * irregular ' changes, 
the magnitude of the departure from the usual or normal 
state at the instant of observation was made available, and 
the observations taken at Toronto, Hobarton, and St. 
Helena have furnished data for the investigation at three 
points of the earth's surface — one in the temperate -zone of 
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tlie northern hemisphere, a second in the temperate zone 
of the southern hemisphere, and a third in the tropics — of 
the laws, extent, and mutual relation of these transient 
or irregular changes as affecting the three magnetic ele- 
ments, viz. the declination, the inclination, and the total 
force. 

One of the results of this investigation is, that the phe- 
nomena of this class, which may be termed * occasional,* 
are in their mean or average effects subject to periodical 
laws of a very systematic character ; placing them, as a 
first step towards an acquaintance with their physical 
causes, in immediate connection with the sun as their pri- 
mary cause. They have (1) a diurnal variation, which 
follows the order of the solar hours, and manifests there- 
fore its relation to the sun's position as affected by the 
earth's rotation round its axis. (2) An annual variation 
connecting itself with the sun's position in regard to the 
ecliptic. (3) A third variation, which seems to refer still 
more distinctly to the direct action of the sun, since, both 
in period and in epochs of maximum and minimum, it 
coincides with the remarkable period of about ten, or per- 
haps more nearly eleven of our years, the existence of which 
period has been recently made known to us by the pheno- 
mena of the solar spots, but which, as far as we yet know, 
is wholly unconnected with any thermic or physical varia- . 
tion of any description (except magnetic) at the surface of 
the earth, and equally so with any other cosmical pheno- 
mena with which we are acquainted. 

Now that it is become known that these * casual pertur- 
bations * are governed by periodical laws, and that these 
laws and those of the regular * periodical variations ' are 
dissimilar in their epochs, it is manifest that in their joint 
and undivided effects, we have two variations due to different 
causes and having distinct laws superimposed upon each 
other. To know the one correctly^ we must necessarily, 
therefore, eliminate the other. 
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A careful analysis of the solar-dinmal variation of the 
declination at the colonial observatories has brought to 
light the existence at all the stations of bjo. annual inequality 
in the direction of the needle, concurrent with changes 
in the sun's declination, having its maxima (in opposite 
directions) when the sun is in or near the opposite 
solstices, and disappearing at or near the epochs of the 
equinoxes. An intercomparison of the results of analysis 
at these stations has shown that this inequaliiy has the 
remarkable characteristics of having notably the same 
direction and amount in the southern as in the northern 
hemisphere, and in the tropical as in the temperate zones. 

260. In August 1857, a committee, consisting of the Pre« 
sident of the British Association, theEev. Dr. Eobinson, and 
Major-General Sabine, co-operating with the President and 
Council of the Royal Society, was appointed to take steps 
for procuring a continuance of magnetic and meteorological 
observatories in the British colonies. In their Report the 
committee state, as the most important results of the dis- 
cussion, as fai* as it had then gone, of the accumulated 
observations at the observatories at St. Helena, Toronto, 
Hobarton, and the Cape of Good Hope as follows : * — 

1. The mean state of the several magnetic elements 
for each station, viz. dip, declination, and intensity, as 
reduced to a fixed epoch, has been obtained with precision. 
2. The rate of progressive secular change has been de- 
termined with precision in all the elements. 8. The 
laws of diurnal, annual, and other periodys fluctuations in 
the values of the elements have been established vnth such a 
precision as to open views of magnetic action of a singular 
and unexpected character, for it has been demonstrated 
that the systems of diurnal and annual magnetic changes 
may be separated into two perfectly distinct and physically 

* * Keport of a Joint Committee of the Royal Society and the British 
Association, for procuring a continuance of llio Magnetic and Meteoro- 
logical Observatories/ * Proc. Hoy. Soc* vol. ix. p. 457 



BECENT PBOQftESS OF TERRESTRIAL HAQNETISH. 287 

independent S7stems»(l) the one at any partienlar 
station holding its course according to laws depending 
solely on the sun's hour-angle at the moment of observation, 
and his meridian altitude at different seasons; (2) the 
other comprehending all those movements which, under the 
name of 'magnetic storms/ or 'irregular disturbances/ 
have hitherto presented the perplexing aspect of pheno- 
mena purely casual. 

The sun's regular action on the magnetism of the globe 
has been shown to be referable, in the first place (and for one 
of its arbitrary coefficients), to the geographical situation 
of the place of observation with respect to a certain line of 
equator on the earth's surface, and in the next place to the 
fact of the sun's having a north or south declination ; so 
that the whole diurnal change in any one of the elements, 
and at any station, is made up of two portions, one of 
which retains the same sign, and a constant coefficient all 
the year round ; the other changes sign and varies in the 
value of its coefficient with the annual movement of the 
sun from one side of the equator to the other ; that con- 
sequently for a station on the magnetic equator so defined, 
the mean amount of diurnal change is niZ, when taken 
over the whole year, but in any particular day in the year 
it has a determinate magnitude which passes through an 
annual periodicity with opposite characters in opposite 
seasons. And that for a station in middle latitude the 
mean diurnal fluctuation is not ni7, but such as during 
every part of the year to exhibit an easterly deviation in 
the morning hours, and a westerly deviation in the evening 
hours, for stations north of the magnetic equator, and vice 
versd for the south of it, but that the amount of this 
deviation or the amplitude of the diurnal fluctuation varies 
with the seasons, being exaggerated or partly counteracted 
by the alternate conspiring and opposing influence of the 
sun's declination during the summer and winter seasons. 
As regards the irregular disturbances, they are found to 
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conform in their average effect at each of the twenty-fonr 
hours of the day, and on each day of the year, to the very 
game mles as regards the snn's daily and annual movement, 
with one remarkable point of difference, viz. * that their 
hours of maxima and minima are not identical with those 
of the regular class, but that each particular station has in 
this respect its own peculiar hours analogous to what is 
called the establishment of a jport in the theory of tides, and 
that in consequence, the superposition of these two systems 
of diurnal fluctuation gives rise to a system of compound 
variations analogous to the superposition of two undu- 
lations, having the same period, but different amplitudes 
and different epochal times, and that by attending to this 
principle many of the most complex phenomena, such as 
that of a double maximum and minimum, with the oc- 
currence of a nightly as well as a daily movement, are ex- 
plained in a satisfactory manner.' 

The discussion of the observations made in the colonial 
magnetic observatories up to 1857 has also fiilly established 
the existence of a very extraordinary periodicity in the 
extent of fluctuation of all the magnetic elements, and in 
the amplitude and frequency of their irregular movements, 
especially, which connect themselves directly with the jphy^ 
»ical constitution of the sun, and with the periodical greater 
or less prevalence of spots on his surface ; the maxima of 
the amount of fluctuation correspond to the maxima of the 
spots, and these, again, with those of the exhibitions of the 
Aurora BoreaHs, which appears also to be subject to the 
same law of periodicity — a law which, as it does not agree 
with any of the otherwise known solar, lunar, or planetary 
periods, may be considered, so to speak, personal to the sun 
himself. 

Such is a brief summary of the results obtained at 
the colonial observatories up to the time of the report of 
the joint committee. We will now attempt a brief review 
of what has since been accompUshed at the home observa- 
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tories — ^those, namely, of Kew and Greenwich — for tbo 
materials of which we are mainly indebted to the luminous 
memoirs of Sir Edward Sabine, the Astronomer-Boya], and 
Dr. Balfour Stewart, which appear in the ' Transactions 
and Proceedings of the Royal Society.' 

261. Kew, — The method of investigating the laws of the 
larger magnetic disturbances of the declination at the Kew 
Observatory is thus explained by Sir Edward Sabine.* The 
photographs of the self-recording declinometer ^imish a 
continuous record of the variations which take place in the 
declination magnet, and admit of an exact measurement in 
the two relations of time and of the amount of departure 
fi*om a zero line. From this automatic record the direction 
of the magnet is measured at twenty-four equal intervals of 
time in every solar day, which thus become the equivalents 
of the 'hourly observations' of the magnetometers in use 
at the colonial observatories. These measures or hourly 
directions of the magnet are Entered in monthly tables, 
having the days of the month in successive horizontal lines, 
and the hours of the day in vertical colunms. The ' means ' 
of the entries in each vertical column indicate the mean 
direction of the magnet at the different hours of the month 
to which the table belongs, and have received the name of 
first nofmals. On inspecting each monthly table, it is at 
once seen thai a considerable portion of the entries in the 
seveial columns differ considerably from their respective 
means or first normals, and must be regarded as disturbed 
observations. The laws of their relative frequency and 
amount of disturbance in different years, months, and 
hours are then sought out by separating for that purpose a 
sufficient body of the most disturbed observations, com- 
puting the amount of depcuH/ure in each case from the normal 

* ' The Laws of the Phenomena of the larger Magnetic Disturbancea 
of the Declination in the Kew Observatory, with noMces of the progress 
of our knowledge regarding Magnetic Storms/ by Major-General Sabine. 
Eead Nov. 15, 1860. * Proc. Eoy. Soc/ vol. x. p, 624. 
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of tho same month and hour, and arranging the amounts in 
annual, monthly, and hourly tables. In making these com- 
putations, the first normals require to be themselves cor- 
rected, by the omission in each vertical column of the entries 
noted as 'disturbed,' and by taking fresh means, repre- 
senting the normals of each month and hour after this 
omission, and therefore uninfluenced by the larger distur- 
bances. These new means have received the name of final 
normals, and may be defined as being ' the mean direction 
of the magnet in every month and every hour, after the 
omission from the record of every entry which differed from | 
the mean a certain amount either in excess or in defect.' ' 

In a scale on which the changes of direction of the decli- 
nation magnet are recorded in the Kew photographs, one 
inch of space is equivalent to 22*04' of arc. On a general 
view and consideration of the photographs during 1858-9, 
0'15 inch, or 3'31' of arc, appeared to be a suitable amount 
for the separating value (the measure of a large distur- 
bance) to bo adopted at that station ; consequently every 
tabulated value which differed 3*31', or more either in 
excess or defect from the final normal of the same month 
and hour, was regarded as one of the larger disturbaiices, 
and separated accordingly. 

The number of * disturbed* observations in the two years 
was 2,424, viz. 1,211 in 1858, and 1,213 in 1859, being 
between one- seventh and one-eighth of the whole body of 
hourly directions tabulated from the photographs, of which 
the number was 17,319, The aggregate value of distur- 
bance in the 2,424 observations was 14,901 minutes of arc, 
of which 7,207 minutes were deflections of the north end of 
the magnet to the west, and 7,694 minutes to the east. 

The number of disturbed observations, as well as their 
aggregate values, approximated very closely in each of the 
two years, 1859 being in slight excess. The decennial 
period of the magnetic storms indicated by the observa- 
tions at the British colonial observatories between 1840 
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and 1850, had led to the anticipation that the next epoch 
of the maxima of the cycle might take place in the 
year 1858-9. The nearly equal proportions in which the 
number and aggregate values of the larger disturbances 
took place in 1858-9, are so far in accordance with this 
view. 

262. Laws of the Westerly cmd Easterly Deflection at £et&.— « 
The westerly and easterly deflections in the British Islands, 
as represented by the automatio records at Kew, are obvi- 
ously governed, as in all other parts of the globe where the 
phenomena have been analysed, by distinct laws. 

The westerly deflections have their chief prevalence from 
5 A.M. to 5 P.M., or during the hours of the day ; the easterly 
deflections, on the other hand, chiefly prevail during the 
hours of the night, the ratios being above unity from 7 p.m. 
to 3 A.M., and below unity at all other hours. The easterly 
deflections have one decided maximum, viz. at 11 p.m., 
towards which they steadily and continuously progress from 
5 P.M., and frx)m which they as steadily and continuously 
recede until 5 a.m. the following morning. The westerly 
deflections appear to have two epochs of maximum, one 
from 6 to 8 A.M., the other about 3 P.M., progressing regu- 
larly towards the first named from 3 A.M., and receding 
from it to 9 A.M. At 9, 10, and 11 a.m. the ratios remain 
almost sensibly ihe same, but towards noon they begin to 
increase afresh, and continue to do so progressively to the 
second ma.yinium at 3 p.m., from which hour they progres- 
sively decrease to 7 p.m. Those ratios which are less than 
unity, viz. those of the westerly deflections fi^m 6 p.m. to 
4 A.M., and of the easterly deflections from 4 a.m. to 6 p.m., 
do not in either case exhibit the same decided tendency to 
one or two well-marked minima, as the ratios which are 
above unity do in both cases towards their mxixima. 

263. Magnetic Storms, — On comparing the phenomena 

observed at Hobarton, in Tasmania, with those observed at 

Kew, the laws of the magnetic storms experienced at both 

o 2 
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stations exhibit a resemblance not only general, but extend- 
ing to sucb minute particulars tbat it is impossible to resist 
the impression that the accordance is not accidental. The 
disturbing effects due to magnetic storms are, however, 
somewhat greater at Kew than at Hobarton. 

The first reference of magnetic storms to the sun as their 
primary cause was soon followed by a far more striking 
presumptive evidence of the same by the further discovery 
of the existence of a periodical variation in the frequency 
of the occurrence and amount of aggregate effects of the 
magnetic storms corresponding in period and coincident in 
epoch of maximum and minimum with the decennial 
variation in the frequency and amount of the spots in the 
sun's disc derived by Schwabe from his own systematic 
observations, commenced in 1826, and continued thence- 
forward. 

The decennial variations of the magnetic storms is based 
on the observations of the four widely distributed colonial 
observatories, and is concurred in by all. This remarkable 
correspondence between the maguetic storms and physical 
changes in the sun's photosphere, of such enormous magni- 
tude as to be visible from the earth even by the unassisted 
eyes, must be held to terminate altogether any hypothesis 
which would assign to the cause of the magnetic distur- 
bances a local origin on the surface, or in the atmosphere 
of our globe, or even in terrestrial magnetism itself, and 
to refer them, as cosmical phenomena, to direct solar 
influence. 

Two magnificent auroral displays, the first commencing 
on the evening of August 28, and the second on the early 
morning of September 2, 1859, were observed nearly at 
the same time throughout the globe, and at the time of 
their occurrence a largo spot was seen on the disc of the 
sun. Magnetic disturbances of great violence occurred 
simultaneously with these displays. Telegraphic commu- 
nication was in many instances interrupted, and in some 
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cases the current produced in the wires was so powerful 
that it was used instead of the ordinary current, the batteries 
being cut oflP, and the wires connected with the earth. 

As regards the magnetic needle, the average effect of the 
disturbances* was to increase the declination and to 
diminish the horizontal and vertical components of the 
earth's magnetic force. 

On. the forenoon of September 1, 1859, at 15 minutes 
past 11 o'clock, a third, but minor, disturbance took place, 
which affected the nmgnetograph at Kew simultaneously 
with the breaking out near a spot in the sun's disc of a 
bright star, which was observed independently by Mr. 
Carrington and Mr. Hodgson. 

A study of the curves furnished by the magnetographs 
during this great storm seems to throw light upon the con- 
nection which subsists between magnetic disturbances, 
earth currents, and auroral displays. These curves show 
that at the commencement of the disturbance the horizontal 
and vertical components of the earth's force remain de- 
pressed below their normal value for at least seven hours. 
The curves for this portion of time have also a peculiar 
serrated appearance, as if in the great disturbance, whose 
period was seven hours, there were superimposed smaller 
waves, whose period might perhaps be only a few minutes, 
or even less. 

Referring to this serrated appearance, Balfour Stewart 
suggests two hypotheses which may be entertained regard- 
ing them,t viz. (1) they may be conceived to represent 
small and rapid changes in the intensity of the whole 

* * The great Magnetic Disturbance of August 28 to September 7, 
1859, as> recorded by photography at the Kew Observatory,* by Balfour 
Stewart. Read before the Royal Society, June 28, 1861. ' Proc. Roy. 
Soc* vol. xi. p. 407. 

t * On the Forces concerned in producing the larger Magnetic Distur- 
bances,' by Balfour Stewart. Read June 14, 1862. •Proc. Roy. Soc.' 
vol. xii. p. 194. 
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disturbing force wluch acts upon the magnet; (2) tlie peaks 
and hollows may be supposed due to the direct action of 
earth currents upon the magnets. This second hypothesis 
he regards as untenable, because the peaks and hollows of 
the disturbance curves do not accord with the directions of 
the earth currents, as observed by Mr. Walker in the 
telegraphic lines between Margate and Ramsgate, and 
between Ramsgate and Ashford. Mr. Stewart considers 
earth currents to be probably induced currents due to 
sudden and rapid changes in the magnetism of the earth. 
The peaks and hollows he considers as representing small 
and rapid changes in the intensity of the whole disturbing 
force which acts upon the magnet, and these peaks and 
hollows, he thinks, may be made use of to analyze the 
forces concerned in producing disturbances. 

264. Lunar Variation, — ^M. Kreil first suggested the exist- 
ence of a lunar diurnal variation of declination, from obser- 
vations made at Milan and Prague. The character and 
amount of the moon's influence on each of the magnetic 
elements has been determined at Toronto, St. Helena, and 
Hobarton. All the observations present the same general 
characters, viz. a double progression in the 24 hours, having 
epochs of maximum and minimum symmetrically disposed. 
In character, therefore, it differs from what might be 
expected to take place if the moon were possessed of 
inherent magnetism. On the other hand, it is believed that 
the amount of the variation far exceeds what can be 
imagined to proceed from the earth's inductive influence 
reflected from the moon. 

The aspect of the lunar diurnal variation at Kew* and 
Hobarton presents features of great simplicity as well as 
accord. The form at both stations is a division of the 24 
lunar hours into four equal or nearly equal portions, in 

* * The Lunar Diurnal Vaxiation of the MagaeticDeclination, obtained 
from the Kew Photograms in the years 1858, 1859, 1860/ by Major- 
General Edward Sabine. *Proc. Boy. Soc' vol. xi. p. 73. 
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wHch the magnet is attracted alternately to the East and 
to the West of its mean position, which is passed through 
fonr times in the progress of the magnet towards two 
extreme easterly and two extreme westerly deflections. The 
easterly extremes are about 12 hours apart, and the westerly 
the same. This appears to loe the general form of the 
lunar diurnal variation of the declination at all the stations - 
at which it has been examined. It is also that of the cor- 
responding variations of the dip and total force. 

The lunar times when the moon's influence produces no 
deflection (or the times when the variation is zero) are four, 
and are nearly the same at Kew and at Hobarton, two of 
them being a little more than an hour before the moon's 
passage of the meridian, both at her upper and lower 
culminations, and the other two intermediate. So far, the 
two stations are alike ; but in regard to the direction 
towards which the magnet is deflected, (if in conformity 
with general usage, we speak in both hemispheres of the 
north end of the magnet,) the variation becomes west at 
Kew when it becomes east at Hobarton, and vice versd the 
phases while agreeing in hours at the two stations having 
throughout opposite signs. 

Sir Edward Sabine,* from a tabulation of the records 
derived from a seven years' series of photograms obtained 
at the Kew Observatory between January 1, 1858, and 
December 31, 1864, deduces the following fact connected 
with the lunar influence on the terrestrial magnetic in- 
fluence, viz. a lunar diurnal variation, small in amount, 
but having peculiar and well-marked systematic character- 
istics, exists in each of the magnetic elements, presenting 
a similarity and accordance, which it is impossible to regard 
as accidental, with the results obtained at several other 
widely separated localities in the middle latitudes of both 

* * Eesults of the Magnetic Observations at the Kew Observatoryi 
No. III. Lunar diiirnal Variation of the three Magnetic Elements.' By 
Major-General Sabine. * Proc. Eoy. Soc' vol. xv. p. 249. 
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hemisplieres, as, for example, at Hobarton, Toronto, Phila- 
delphia, Pekin, and the Cape of Good Hope. 

A magnetic variation shown to be thns obviously de- 
pendent upon the moon's position relatively to the terrestrial 
meridian, and agreeing in its principal features in such 
various localities, is urged l^ Sabine, as being ascribable 
with great probability to the direct magnetic action of the 
moon, made sensible at the surface of the earth through the 
production of phenomena which, in the present state of our 
knowledge as regards the magnetism, both of the earth and 
of the moon, it is as yet difficult wholly to explain, but 
which are likely to lead to a considerable advance of our 
knowledge in both these respects. 

265. Seoula/r Oliange and Annual Variation of the Declina^ 
turn,* — There is at Kew a variation in the declination having 
an annual period, and consisting of a semi-annual inequality 
with epochs coincident, or nearly so, with the sun's passage 
of the eqaator, the magnet being deflected towards the 
east when the sun is north, and towards the west when he 
is south of the equator. 

The amount of semi-annual inequality averages— 28" 95" 
in the weeks from March 21 to September 21, and + 29*9" 
in those from September to March. The whole amount of 
variation is therefore 58'86". 

A comparison with the result of investigations of the 
corresponding phenomena at Hobarton, in the southern - 
hemisphere, and at St. Helena, in the equatorial zone, shows 
the existence of a semi-annnal inequality, with epochs coin- 
ciding or nearly so with the equinoxes at both stations, the 
deflections being in the same directions as those at Kew, viz. 
to the east when the sun is north, and to the west when 
he is south of the equator. The amount of the annual 
variation thus produced is less at St. Helena, than at either 

* * Eesults of Magnetic Observations at the Kew Observatory, from 
1868 to 1862 inclusive/ by Major-General Sabine. *Proc. Koy. Soc.' 
vol. zii. p. 623. 
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Kew or Hobarton, the semi-annual difference being about 
7", and the annual variation 14". 

It is remarked by Sabine, that the difference in amount 
of deflection at the three stations may in part at least be 
occasioned by the difference in amount of the antagonistic 
force of the earth's magnetism tending to retain the magnet 
in its mean position iu opposition to all disturbing causes. 
The antagonistic force, viz. the horizontal component of the 
earth's magnetic force, is approximately 5*6 (in British 
units) at St. Helena, 4*5 at Hobarton, and 3*8 at JS^ew. 

On submitting the corresponding phenomena observed 
at the Cape of Good Hope to a similar investigation, an 
annual variation is shown of 0*8' (or 48"), or a semi-annual 
inequality, averaging 24", to the east in the thirteen fort- 
nights from March 26 to September 23, and 24" to the 
west in the thirteen fortnights from Sept. 24 to March 25. 
^is is in accordance with the conclusions at the other 
stations. The antagonistic horizontal component of the 
earth's magnetism at the Cape is approximately 4*5. 

The results of the monthly determinations of the dip and 
horizontal component of the magnetic force at Kew, as 
bearing upon the question of annual variation, may be 
stated as follows. 1. The dip is subject to an annual va- 
riation which, on the average of six years, amounts to ] '35', 
consisting of a semi-annual inequality, with epochs coin- 
ciding, or very nearly so, with the equinoxes, the mean dip 
being, on the average, 0*65' lower than its annual mean value 
in the six months from April to September, and 07' higher 
than its annual mean value in the six months from October 
to March. 2. That the horizontal force is subject to a 
semi-annual inequality, having the same epochs, being, on 
the average, '0013 higher than its annual mean in each of 
the six months from April to September, and -0013 lotver 
than its annual mean in each of the six months from October 
to March. 3. That combining the results of the dip and 
horizontal force, the total terrestrial magnetic force is 

o 3 
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expressed in British units by 10'3002 as its mean value in 
tlie months from April to September, and by 10'30347 in 
the months from October to March, there being thus a dif- 
ference of '00327, by which the intensity of the magnetic 
force of the earth is greater in the months when the sun is 
south than in the months when he is north of the equator. 

866. The results of the monthly observations of dip and 
horizontal force, made at the Kew Observatory in the suc- 
ceeding six years, viz. from April 1863 to March 1869 
inclusive, have been reduced in a sinular manner by Dr. 
Balfour Stewart.* 

Firsty as regards the Di/p, —From the six years' observa- 
tions there is deduced the existence of a semi-annual 
inequality, in virtue of which the dip is, on an average, 0*27' 
lower in the six months from April to September, and 0*27' 
higher in the six months from October to March, than is 
due to its mean value. This result is in the same direction 
as that found by Sabine for the six years ending March 
1863, but is less in amount than the latter ; that deter- 
mined for the first six years exhibiting a range of 1*31', while 
that determined from the succeeding six years' period only 
exhibits a range of 0*64'. From the first six years a mean 
dip is deduced equal to 68* 20*07', corresponding to middle 
epoch April 1, 1860 ; and from the latter six years a mean 
dip equal to 68° 6*62', corresponding to middle epoch 
April 1, 1866 ; while the secular change deduced from the 
first series is 2', and that deduced from the last series is 
1*92', the mean of the two values being 1*96'. Applying 
this mean value of the secular change to the mean result 
corresponding to the epoch April 1, 1860, in order to bring 
it to the epoch April 1, 1866, we obtain 

68° 20'07'-ll-76' = 68° 8-31'; 
whereas that deduced from the second series corresponding 

* * Kesiilts of the monthly Observations of Dip and Horizontal Force 
made at the Kew Observatory from April 1863 to March 1869,' by 
Dr. Balfour Stewart. « Proc. Roy. Soc* vol. xviii. p. 231. 
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to this epoch is 68° 6*62', the former of these is 1*60' 
higher than the latter. Now it was remarked by Sir Ed- 
ward Sabine (' Proc. Eoy, Soc.' Nov. 30, 1865, p. 491), that 
' the general effect of the disturbance of the inclination at 
Toronto is to increase what would otherwise be the amount 
of that element ; and therefore, if the disturbances have a 
decennial period, the absolute values of the inclination, if 
observed with sufficient delicacy, ought to show in their 
annual means a corresponding decennial variation, of which 
the minimum should coincide with the year of minimum 
disturbance, and the maximum with the year of maximum 
disturbance.^ 

At Toronto, where the true secular change is very small, 
the effect of this superimposed variation is very visible, so 
that the yearly values of the inclination appear to increase 
up to the period of maximum disturbance, and to decrease 
after it. At Kew the general effect of disturbances is pro- 
bably the same as at Toronto ; that is to say, tending to 
increase the inclination. The joint effect of the secular 
change, and the superimposed variation might be expected 
to appear in a diminution of the yearly secular change for 
those years during which the disturbances are increasing 
from their minimum to their maximum value, and in an in- 
crease of the yearly secular change for those years during 
which the disturbances are decreasing from their maximum 
to their minimum. Dr. Stewart represents graphically a 
curve showing the law of diminution of the dip at Kew, 
due to the conjoint action of those two causes, and shows that 
the observations agree with it as a matter of fact, that in 
the Kew observations the secular change is less than the 
mean during periods of increasing disturbance, and greater 
than the mean when the disturbances are decreasing. It 
appears that the Kew observations present a peculiarity 
similar to those at Toronto, so that the difference of 1*69' 
between the two sets of observations may probably be 
accounted for by this cause. 
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Second, as regards Horizontal Force. — The observations 
were made with the * Kew nnifilar,' and rednced precisely 
after the manner of those described by Sabine in his ana« 
lysis of the first six yearly series. 

The absolute yalnes of the horizontal force corresponding 
to the beginning of October in each of the six years, and 
the secular change in each year, are as follows : — 

• 3-82161 , , ^^^^^ 

3*824 \ ^^^^ change + 0*0068 

, 3*8306 „ „ + 0-0022 

. 3-8391 „ „ + 0*0085 

, 3*8467 „ „ + 0*0076 

. 3*8193 „ „ + 00026 

,. '^ rwith a mean annual 

Mean of the six years corresponding I g.gg^^ I ^^^^ j^^^^ ^^ 

to middle epoch April 1, 1866 .1 L + 0*0056 

,, ^ , . ,. T rwith a mean annual 

Mean of the six years corresponding 1 g.gogi J secular increase of 
to middle epoch Apnl 1, 1860 .J L + 0*0053 

Mean of the two 0*0064. 

Applying this mean value of the secular change to the 
mean result corresponding to epoch April 1, 1860, we obtain 
3-8034 + (0-0054 x 6) = 8*8358, a value which agrees as 
nearly as possible with that deduced from the second series, 
and corresponding to the same epoch which, as seen above, 
is 3*8360. The coincidence of these two values naturaDy 
leads to the conclusion * that the secular change of the hori- 
zontal force does not present the same peculiarity as that 
observed in the case of the dip.' 

Third, as regards Total Force. — The mean of the April to 
September values of the horizontal component of the force 
in the last six years is 3-8346, corresponding in epoch to 
January 1, 1866 ; and the mean of the April to September 
values of the dip, in the same six years, is 68® 6*83'. It is 
found also that the mean of the October to March values 
are for the horizontal force 3*8372, and for the dip, 68® 6*41', 
corresponding to epoch July 1, 1866. These may be reduced 
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to a common epoch by applying to the former dip the correc 
tion — 0*96' ; this being the proportional secular change, as 
shown by these six years, necessary to reduce the former 
epoch to the latter, the former dip will therefore become 
68° 6-83' -0-96' = 68^ 5-87'. 

Beducing in the same way the horizontal force, we have 
8*8346 + 0-00275 = 3-83735. The values thus become as 
follows :— 

Borizontal Farce. I>ii>i 
From th© April to September observations^ o oqtqr cqo r qw 
(reduced to epoch July 1, 1860) . . ./ ^'^^^^^ 68 6-87 

From the October to March observations^ « ^^^^^ -«« ^ . , 
/ J J * xt. u\ ? 8*83720 68° 6*41' 

(reduced to the same epoch) • • . .J "«»'«*^ 

The total force derived from the first series will therefore 
be 10'28717, and that derived from the second series 
10-29080, showing thus a diflPerence of 0-00363 in British 
units as the measure of the greater intensity of the mag- 
netic force in the October to March period than in the 
April to September period. This is in the same direction, 
and very nearly of the same amount, as that determined by 
Sabine from the first six years, which exhibited a similar 
difference of 0*0037 in British units. 

It is thus found that the two series agree in showing 
nearly the same semi-annual variation for the total force, 
whilst the first period exhibits the greatest semi-annual 
variation of the dip. It must be borne in mind, however, 
that the two series bear a different relation to the disturb- 
ance period, the ma xi mum disturbances occurring about 
the middle of the first series, and the minimum near the 
middle of the second. 

267. Ohservaiions at Greenwich Ohservatwy, — From the 
last months of 1840 to the end of May 1847, observations 
were taken at this Observatory by the eye every two hours. 
From the beginning of 1848 for the declination and hori- 
zontal force ipagnetometers, and from the beginning of 
1849 for the vertical force magnetometer, the magnetic 
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indications are recorded by Mr. Brookes's photographic 
apparatus. 

The Astronomer-Royal exhibits in the memoir referred 
to below,* in cnrves, the diurnal inequalities of terrestrial 
magnetism as obtained by the use of instruments essentially' 
the same during a period of 17 years. 

On examining the year curves, it appears that from 1841 
to 1848 their magnitude very slowly increases with a small 
change of form; but that from 1848 to 1857 their mag- 
nitude very rapidly diminishes with a great change of form. 
Some great cosmical change seems to have come upon the 
earth particularly affecting terrestrial magnetism. 

On comparing these year curves with the month curves, 
especially with those for, the period 1848 to 1857, it appears 
that the change of the year curves from 1848 to 1857 
nearly resembles that of the month curves from summer to 
winter, and Mr. Airy points out as a possible step to the 
physical explanation of the change from 1848 to 1857, that 
the magnetic action of the sun upon the earth's southern 
hemisphere may have remained nearly unaltered, while 
that on the northern hemisphere may have undergone a 
great diminution. 

The grouping of the curves representing the hourly state 
of the verticle force as referred to the mean on each day is, 
made by year and by months. The month curves of the 
two periods 1841 to 1847, and 1854 to 1857, differ in mag- 
nitude and in change of magnitude of the ordinates, and in 
the place and change of place of node. The year curves 
of the two periods have some very remarkable differences. 
From 1847 to 1849 the magnitude of the ordinates in- 
creases sensibly ; from 1849 to 1850 still more ; it then 
remains nearly stationary. In 1846 the descending node 

* ' The Diurnal Inequalities of Terrestrial Magnetism, as deduced 
from Observations made at the Royal Observatory, Greenwich, from 
1841 to 1857,' by G. B. Airy, F.K.S., Astronomer-Koyal. *Proc. Hoy. 
Soc.* vol. xii. p. 529. 
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is at 11 J^ nearly ; in 1847 it is at 9** nearly ; in 1861 at ^^ ; 
and there it continues with little alteration. It is impor- 
tant to observe that though the instrument was changed in 
1848, the change in the place of the node did not then 
occur suddenly ; it had begun with the old instrument, and 
continued to advance gradually for several years with the 
new instrument. These results were obtained by excluding 
the observations of certain days of great xtiagnetio dis- 
turbance. 

In a subsequent memoir, Mr. Airy discusses the results 
deduced from these omitted days under the title of magnetic 
storms,^ 

Each registered magnetic storm is treated as a coherent 
whole, and can by a simple numerical process, when the 
photographic ordinates have been converted into numbers, 
be separated into two parts, one consisting of waves of a 
long period, and the other consisting of irregularities of 
much more rapid occurrence. The term ' fluctuation ' is 
used in a technical sense to denote the area of a wave curve, 
between the limits at which the wave ordinate vanishes. 
The waves, fluctuations, and irregularities, as inferred from 
separate treatment of each storm, constitute the materials 
from which the following further results are derived. 

From the numerical conclusions obtained, Mr. Airy con- 
siders that the disturbances cannot be explained by the 
supposition of 'definite galvanic currents,* or 'definite 
magnets,' suddenly produced in any locality whatever. The 
relations of the forces found from the investigation bear a 
very close resemblance to what might be expected if we 
conceived a fluid (magnetic ether ?), in proximity to the 
earth, to be subject to occasional currents produced by some 
action of cessation of action of the sun, which currents are 

* * First Analysis of 177 Magnetic Storms registered by magnetic 
instruments in the Royal Observatory, Greenwich, from 1851 to 1857/ 
by G. B. Airy, F.R.S., Astronomer-Royal. *Proc. Roy. Sec.' vol. xiii. 
p. 48. 
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liable to interruptions or perversions of the same kind as 

those in air or water. It is shown that in air and in water 

* 

the general type of irregular disturbance is travelling 
circular forms, somtimes with radical currents, but more 
frequently with tangential currents, sometimes with in- 
crease of vertical pressure in the centre, but more frequently 
with decrease of vertical pressure ; and in considering the 
phenomena which such travelling forms would present to 
a being over whom they travelled, Mr. Aiiy thinks that 
the magnetic phenomena would be in a great measure 
imitated. 

268. The observations at this Observatory were continued 
from 1858 to 1863, the same instruments being used ; in the 
treatment of the photographic curves those of the days of 
unusual disturbance were as before omitted, thp ordinates of 
the pencilled curves on the other days being used as bases 
of the investigation.* 

For the solar inequalities they are treated by coUeijting 
the measures for every complete solar day and for every 
solar hour, bearing the same ordinal number according as 
the annual or diurnal inequalities were the subject of in* 
quiry. In all cases these quantities were next grouped by 
months and the monthly means taken. In the further 
treatment, the means of the monthly means of every com- 
plete day for all the months of the same name in the dif- 
ferent years were taken and corrected for secular change. 
Then all the means of the monthly means of every solar 
hour for all the months of the same name in the different 
years were taken, giving the diurnal inequalities on the 
mean of years for the twelve separate months : these pre- 
sent, for declination (north to west) and horizontal force for 
the period 1858 to 1863, sensibly the same differences 

* ' The Diurnal and Annual Inequalities of Terrestrial Magnetism, as 
deduced from Observations made at the Eoyal Observatory, Greenwich, 
from 1868 to 1863,' by G. B. Airy, Astronomer-Royal. 'Piw.Roy. 
Soc' vol. xvii. p. 163. 
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bet^veen the snmmer montlis and the winter months as 
those for the period 1848 to 1857. For the vertical force 
curves also the nodal passage is earliest in the summer 
months. 

After this, the monthly curves of every solar hour are 
taken throughout each year, giving the mean diurnal ine- 
quality of each year ; and here a very remarkable change 
is observable. During the period 1841 to 1847 the curves 
for diurnal inequality of the horizontal force had very 
slightly increased, but during the period 1848 to 1857 they 
bad rapidly diminished, giving the smallest and most 
winter-like curves in 1851 and 1857. Now it was found 
that from 1858 to 1863 the curves have increased, with a 
little irregularity in 1861, till they are sensibly as large 
as they were at first. 

With regard to the diurnal inequality of vertical force, it 
appears that the curves gradually increased in boldness to 
1855 and gradually diminished to 1862. The nodal pas- 
sages in the hour of the day were much accelerated in the 
period 1842 to 1857, while in the period 1858 to 1863 they 
were much retarded, till, in 1863, they are again nearly the 
same as in 1848. In all these remarkable changes there is 
no appearance of a cycle* 

269. Lrniar Inequalities, — The lunar inequalities as 
deduced from observations made at the Royal Observatory 
at Greenwich from 1858 to 1863 are thus summed up by 
the Astronomer-Royal.* The bases of their treatment 
were obtained as follows : — ^The exact time of the moon's 
transit was laid down on the time-scales of the photo- 
graphic sheet, and the intervals were divided into lunar 
hours, and a new system of ordinates, corresponding to the 
lunar hours, was measured to the pencil curves. The 
system of grouping was precisely similar mutatis mutandis 
to that for the solar inequalities. 

* * Proc. Roy. Soc' vol. xvii. p. 163 
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First: for the menstrual inequalities. — The declination 
seems to exhibit a distinct lunar menstrual inequality 
with + maximum about the fifth day of lunation. The 
horizontal force seems to show a lunar semimenstrual 
equation with —maximum about the second day. The 
vertical force shows nothing certain. 

Secondly : for the hino-iiumal inequalities. — The luno- 
diumal inequalities in declination and horizontal force on 
the mean of 1858 to 1863 agree so closely with those on 
the mean of 184s8 to 1857 as to leave no doubt of their 
existence and law as luno-semidiumal inequalities, with no 
trace of luno-diumal or other inequality. 

There is a remarkable association in the time law of 
changes of solar effect and lunar effect. 

Mr. Airy thinks it possible to suggest two conjectural 
reasons for this. 1. The moon's magnetic action is really 
produced by the sun's magnetic action, and a failure in the 
sun's magnetic power will make itself sensible both in its 
direct effect on our magnets and in its indirect effect 
through the intermediate effect of the moon's excited mag- 
netism. 2. Assuming both actions (solar and lunar) to 
act on our magnets indirectly by exciting magnetic powers 
in the earth, which alone or principally are felt by the 
magnet, the earth itself may have gone through different 
stages of magnetic excitability, increasing or diminishing 
its competency to receive both the solar and the lunar 
action. 

270. TJie Variations of tJie Magnetic Bijp in London, — The 
secular changes which have taken place in the magnetic dip 
in London during the 39 years between 1821 and 1860 have 
been discussed by General Sabine.* The period is divided 
into four epochs, viz. epoch of 1821, epoch of 1838, epoch 
of 1854, and epoch of 1859. 

* * Secular Change in the Magnetic Dip in London between 1821 and 
I860,' by Major-General Sabine. *Proc. Roy. Soc.' toL xi. p. 144. 
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First Epoch of 1821 . — The experiments were made in 
the Regent's Park. The circle employed was 11^ inches 
in diameter, made by Nairne, and the needle by DoUond. 
The mean of the experiments gave as the dip for this 
epoch 70° 02-9'. 

Second Epoch of 1838. — The experiments were made in 
the Regent's Park, in Kew Garden, and in Westbourne 
Green ; the instruments were made by Robinson, Gambey, 
and Jordan. The mean of thirteen determinations gave as 
the dip for this epoch 69° 23*9'. 

Third Epoch of 1854. — The experiments were made in 
the Regent's Park and at Kew with two inclinometers by 
Barrow, fitted with verniers and microscopes, and each 
having two needles. The mean of eighteen determinations 
gave as the dip for this epoch 68° 31*13' N. 

Fourth Epoch o/ 1859*5. — The experiments were made in 
the Regent's Park and at Kew, on 121 days between 
November 1857 and December 1860, during which period 
282 observations were made. There were employed in 
these determinations twelve circles and twenty-four needles, 
the circles being six inches in diameter, fitted with verniers 
and microscopes, and the needles 3^'inches in length. 
Every determination was complete in the eight different 
positions of the circle and needle. The results in each year 
are reduced to the 1st of July in the same year, employing 
a proportional part of an annual secular change of — 2*6'. 
Those which were obtained in the four winter months of 
November, December, January and February have also 
received a correction of — 0*8' ; and those obtained in Xhe 
summer months. May, June, July, and August, a correction 
of + 0*8' in compensation for annual variation. 

The following are the results : — 

Dip 
July 1, 1868, mean of 115 observations 68° 23*2' 

„ 1859 „ 96 „ 68«21-5' 

„ 1860 „ 71 „ 68** 19-8' 

Corrections for Annual Variation, — The observations both 
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at Toronto and at Kew concur in showing that after the 
elimination of the effects of secular change, the north dip 
is somewhat greater (1*6') in the winter than in the sum- 
mer. Of this number one-half (0*8') is to be applied with 
the sign ^ to the results in the winter months, and with 
the sign + to the results in the summer months. The 
dip therefore at the several epochs, when finally corrected, 
stand thus : — 



1821*65 
1838-30 
1804-65 
1859-5 



70° 03-4' N (1) 

69° 17-3' (2) 

68° 31-6' (3) 

68° 21-5' (4) 



The rate of diminution of the dip in London in the last 
forty years does not appear to differ materially from the 
mean rate in the preceding 100 years. The experiments of 
Mr. George Graham between March and May 1723 give a 
mean dip of * nearly * 74° 40'. Comparing this with 
69° 11-95' in 1840, we have a difference of 5° 281' in 116*7 
years, equivalent to an uniform diminution of 2*8' annually. 

Sabine observes : * An expectation appears to have pre- 
vailed in some quarters that the decrease of the dip in 
London should have ceased, and its subsequent increase 
have commenced contemporaneously with the alteration 
which took place in the secular change of the declination in 
the early part of this century, when the increase of the 
west declination, which had been continuous in the British 
Islands for about two centuries, ceased, and was succeeded 
by a decrease of the same. But this supposition is by no 
means in accordance with that general view and interpre- 
tion of the phenomena of terrestrial magnetism for which 
we are indebted to Halley, and which, since its promulga- 
tion in 1683, has received so much confirmation in various 
distant parts of the globe. In accordance with that hypo- 
thesis, the diminution of the dip in London might be ex- 
pected to continue until the epoch should arrive when, by 
the easterly movement of translation of the minor magnetic 
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system in the nortbem hemisphere, the disparity of the 
magnetic force prevailing in the European and American 
portions of the hemisphere should have attained its maxi- 
mum, which is certainly not yet the case' (1861). 

The magnetic hues of the dip undergo two species of 
modifications, which it is necessary to keep separately and 
distinctly in view. In the British Isles, for little less than 
two centuries past, the isoclmal lines have been steadily 
advancing towards the north by a gradual movement of 
translation. This is one feature of the secular change, but 
there is a second feature equally regular and systematic in 
its operation, viz. the direction of the isoclinal lines as they 
pass our country from the south-west towards the north- 
east undergoes a small but sensible change from year to 
year, by which in the lapse of several years the angle at 
which they cut the geographical meridian is materially 
altered. By the joint operation of these two processes, a 
general configuration of the lines over a large portion of 
the earth's surface, as well as their value in particular lo- 
calities, are both subject to systematic alteration, a remark 
which is not limited to the isoclinal lines alone, but is the 
case also in the isogonio and isodynamic lines. 

In correspondence with the views of Halley, between the 
epochs when the dip in London should attain respectively 
the maximum and minimum amount which constitutes its 
limits under the system of secular change, an intermediate 
epoch might be anticipated when the isoclinal lines passing 
across the British Islands should attain their least angle of 
inclination to the geographical meridian, towards which 
they should have progressively advanced, and from which 
they would as progressively recede. Now, on comparing 
the line of 70° dip in the isoclinal map of 1780 with that of 
1840 in Keith Johnstone's * Physical Atlas,' we may fix on a 
point in about 42° N. lat. and 30° W. long, in which the 
dip has remained nearly stationary, and through which the 
line of 70° of dip has passed at both epochs, and we may 
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perceive that in its easterly course from that point or pivot 
this line passed in 1780 through the middle of France, 
considerably to the sonth of Paris, where the dip was then 
between 71° and 72° ; whereas in 1840 it passed across 
England considerably to the nOrth of London, where the 
dip had diminished to little more than 69°. In the sixty 
years, therefore, which had elapsed between the two epochs 
1780 and 1840, the direction of the lines as they impinged 
npon Western Enrope had become much less inclined to 
the geographical meridian, i.e. forming a greater angle with 
the parallels of latitude in 1840 than in 1780, and a change, 
according to the maps, in the same direction has been pro- 
gressive from a still earlier period. The particular year in 
which this feature attained its limits was probably some- 
what earlier that 1840 ; but from the comparison of the 
magnetic surveys of the British Islands in 1736-7 and 
1857-8, it is certain that the change in the direction of the 
isoclinal lines in this part of the globe has entered upon 
the contrary phase to that which had previously existed. 

The observations of Welsh in Scotland, in 1837-8, com- 
pared with those of the Scotch survey made in 1836-7, 
show that an increase of several degrees in the angle at 
which the lines cut the meridian in passing across Scotland 
has taken place between the epochs of the earlier and later 
surveys. 

The same general conclusion follows from a comparison 
of the magnetic surveys of England at nearly the same 
epochs. 

There is, then, in the secular change of the dip a feature 
in which, in conformity with the Halleian hypothesis, an al- 
teration might be expected to synchronize with the reversal 
in the direction of the secular change of the declination. 
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CHAPTER IX. 

EBVIBW OP MAGNETIC THEORY. 

General Principles — ^First Views of Terrestrial Magnetism — ^Hypothesis 
of Hallej — Speculations of Eoler — ^Theoretical Speculations of Han- 
stein — Grover^s Magnetic Orbit — ^Theory of Barlow— Hypothesis of 
Biot — Tbeozy^of Gauas — Electro-Magnetic Theory — Theoretical Views 
and recent Discoyeiies of Faraday — ^Theory of Ordinary Magnetic 
Action. 

271. One of the great objects of physical science is to trace 
the relations and determine the laws of seqnence in any ob- 
served series of natural phenomena, the study of nature 
being ' the study of facts, not of causes ; ' it is this which 
characterizes the learning of the great founder of the in- 
ductive philosophy, and which essentially separates it from 
the conjectural philosophy of remote ages, the object of 
which was the study of causes rather than of facts. By the 
term ^ theory,' as applied in modem science, we are to under- 
stand an intelligibly connected body of facts, all referable to 
one or more general principles. With respect to the hidden 
or efficient cause of the phenomena observed, we have really 
no substantial knowledge of it whatever. That all bodies 
tend to the centre of the earth, and masses of matter 
toward each other, are universal fiaots ; and upon these is 
based the whole theory of gravitation, and a lucid expla- 
nation of the system of the world. In the midst of this 
knowledge, however, we are most profoundly ignorant of the 
nature of the agency by which matter gravitates ; and to 
speculate concerning it through the instrumentality of fic- 
tion would be only to wander in a labyrinth of conjecture. 
What we call * an explanation of observed phenomena' is 
a clear apprehension of all the dependencies in a great 
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chain of sequence. Take, for example, the question of the 
rise of water in a pump before the discovery of Toricelli ; 
here we had two facts before us : the elevation of the fluid 
full thirty feet above its level, and the production of empty 
space by the motion of the piston of the pump ; still the 
vacuum and the rise of the fluid had no apparent depend- 
ence on each other. The assumption by the ancient 
philosophers that the elevation of the fluid arose from the 
circumstance that nature abhorred a vacuum, was, in fact, 
no adequate intermediate link ; it explained nothing. Di- 
rectly, however, it was proved by the experiment of Toricelli 
that the atmosphere pressed upon bodies with a force equal 
to at least 14 lbs. on the square inch, then the cause of the 
rise of the fluid was instantly apparent, and the phenomena 
were explained. In the construction, therefore, of any 
theory, it is essential that the basis of it be some principle 
reducible to a fact ; and, next, that the fact be universal, 
that is, without exception. Directly we refer the phenomena 
to any fictitious principle not reducible to a fact, we have 
no longer a theory ; we have only at the best a conjectural 
hypothesis ; in short, we substitute something which has 
no demopstrable existence for that which may be : in this 
case, we only require that what we assume is possible. An 
hypothesis of this kind is still not without its uses ; and it 
is theoretically admissible so long as it runs parallel with 
the facts observed. 

Magnetic theory, embarrassed by the complicated and 
mysterious character of the attendant phenomena, has 
hitherto made but comparatively little progress toward 
perfection; so that we are unable, as in gravitation, to 
refer the facts to one ultimate and universal elementary 
principle ; hence, almost every speculation relative to the 
phenomena of magnetism partakes more or less of the 
nature of an hypothetical assumption not based on any 
recognised fact. 

272. First Views of Terrestnal Magnetism. — The philo- 



FIEST VIEWS OP TEEBESTBIAL MAGNETISM. 813 

sophers of the sixteenth century, not having any definite 
notion of the phenomena of the compass-needle, conceived it 
to be inflaenced by some mysterions point of force existing 
in the regions of space. Descartes and others conceived it 
to be under the dominion of vast magnetic rocks. The dis« 
covery of the magnetic inclination (248) by Norman, in 1580, 
however, clearly proved that the cause of the directive 
position of the magnetic needle was to be sought for in the 
general mass of the earth ; whilst Gilbert, in 1590, taking 
a bolder view of this great physical question, conceived the 
terrestrial sphere, to be in itself a vast magnet, endowed 
with a permanent polarity, and hence approaching the 
general condition of an ordinary lodestone. Gilbert sup- 
posed, however, that the solid parts only of the earth were 
magnetic, not the water or other fluids ; hence arose changes 
in the direction of the needle, which, whilst it assumed a 
given position, in obedience to the laws of common magnets 
(14), would at the same time be more or less drawn toward 
the land, and be influenced by it in various ways. 

Bond, in 1673, endeavoured to calculate and explain the 
phenomena of the magnetic needle, on the hypothesis of the 
earth being a great magnet, and assumed the existence of 
two terrestrial magnetic poles, and a magnetic axis inclined 
to the axis of rotation, and passing through the centre of 
the earth; hence the magnetic poles and the true poles 
could not on this hypothesis coincide. With a view of ex- 
plaining the great secular changes in the declination, the 
magnetic poles were supposed to have a slow movement of 
revolution about the poles of the earth. 

273. Hyjpothesia ofSalley, — ^It is to the celebrated Halley 
that we owe the first great attempt to bring the complex 
phenomena of the horizontal needle under the dominion of 
a more comprehensive theory, which, although it may 
appear at first to be of a somewhat rude and improbable 
character, stiU affords a fair field for the application of 
exact reasoning, and a means of comparing facts \ indeed, it 

p 
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is but jnstioe to this truly great man to observe, tbat he 
never pretended to more than an attempt to throw some 
light upon * the abstruse mystery of the variation,' and 
lead philosophers to apply themselves more forcibly to so 
important a subject. Were the variation always relative to 
two fixed points or poles, near the poles of rotation, tho 
magnetic axis passing through the centre of the earth, then 
it should be always the same for each place, and the lines of 
no variation would be meridian lines, passing through the 
magnetic and real poles of the earth ; but the lines of no 
variation are not meridian lines, but curves of a somewhat 
inexplicable course (245). Halley, therefore, foreseeing 
this difficulty, assumed the existence of at least four poles, 
to which the variation had reference, two in the northern 
and two in the southern hemisphere ; but since the observed 
phenomena evidently indicate a constant change of place in 
the relative position of these poles, he further supposes that 
the whole * magnetioal system of the globe has one or per- 
haps more motions, the effects of which extend from pole to 
pole.' To render this magnetical movement intelligible, he 
supposes a great portion of the interior of the earth to move 
yrithin the external crust ; and to admit of this motion he 
imagines this interior portion to be detached and separated 
from the surface by an intervening fluid mediuib, so that, 
according to this, the terrestrial mass is a sort of double 
lodestone, consisting of an interior magnetic spherical 
nucleus, surrounded by an external and spherical magnetic 
shell, the magnetic axis of each passing through the centre 
of the whole globe of the earth ; the nucleus is supposed to 
have its centra of gravity fixed in the common centre of the 
general spherical mass, and to partake of the diurnal rota- 
tion about the same axis. By further supposing that the 
rotatory movement of the surface or external shell is rather 
more rapid than that of the interior globe, by some extremely 
small quality, then, as is evident, the poles of the interior 
magnet wiU be continually shifting their places in respect 
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of the poles of the onter magnetic shell, being at eyerj 
revolution lefb, as it were, a little in the rear, and conse- 
quently moving apparently westward. Halley supposes the 
difference of velocity to be so extremely little as to be 
scarcely appreciable upon 365 revolutions, and only to 
assume a sensible form by the operation of a great period 
of time. Under this condition, then, if we conceive the 
exterior shell to be a magnet, having its poles fixed, and at 
a given distance from the poles of rotation, and if the 
internal globe be also a magnet, having its poles fixed in 
two other places, distant also from the axis of rotation, and 
that these last poles are continually shifting their places in 
respect of the exterior poles, we may then, he thinks, give a 
reasonable account of the four magnetic poles of the earth, 
considered as a magnet, and the several phenomena of the 
variation of the horizontal needle. By the gradual transla- 
tion of the poles of the internal globe, the direction of the 
needle is variously influenced, according to the directive 
power of each pole; hence there will be a period of revolution 
afber which the variations will return again as before. If 
they should not, then it may be inferred that there exist 
internal spherical shells, having a common nucleus, and 
consequently producing more magnetic poles, all these con- 
centric magnetic spheres being separated by fluid media ; 
and this he thinks a possible constitution of the interior of 
our planet, which, for anything we know to the contrary, 
may, through the operation of the fluid media, be a source 
of existence to organised beings. In this hypothesis all 
those parts of the earth nearest either of the poles will for 
the time be governed more or less by the influence of that 
pole ; thus, taking the nearest pole to Britain as being in 
the meridian of the Land's End, and about 7° from the true 
north pole, this pole will govern Europe, Tartary, and the 
North Sea. All places to the east of this meridian will 
have a westerly variation ; all places west of it, a westerly 

variation, untH we approach the influence of the other pole, 

f2 
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in Norih America, supposed to be on the meridian of Cali- 
fornia. The separate and combined inflnences of all the 
four poles in different zones of the earth produce the great 
differences observed in the variation of the needle. 

This hypothesis of Halley, although far within the region 
of mere conjecture, and not at first view sanctioned by any- 
high degree of probability, must still be considered as a 
valuable step in the progress of magnetic theory, and well 
calculated as a stepping-stone to more perfect views of the 
magnetism of the earth. 

274. Speculations of ifwZar.— Euler, who investigated this 
subject in 1757, with his accustomed ability, does not think, 
in considering the earth as a magnet, that it is requisite to 
assume the existence of more than two magnetic poles, pro- 
vided their just place be assigned. According to his view, 
we have yet to consider the case of two magnetic poles 
not precisely opposite each other, or, which comes to the 
same thing, in which the magnetic axis does not pass 
through the centre of the earth. Now, in this case, Euler 
endeavours to show that the lines of no declination may 
actually assume a direction similar to that which, from 
observation, we find they do assume ; and that it is even 
possible to assign to the two poles such proportions as to 
produce lines of variation similar to those isogonal lines 
which at first appear so unaccountable. Having fixed the 
two poles, the determination of the direction of these lines 
becomes a problem in geometry. 

275. Theory of Hanstein. — ^Theoretical views of terres- 
trial magnetism do not appear to have greatly advanced 
beyond the condition in which Halley left them until 1811, 
when the Royal Danish Academy proposed the variation of 
the needle as a prize question; then it was that M. Hanstein 
undertook a re-examination of the whole subject, with a view 
to determine whether two magnetic poles, revolving round 
the pole of the earth in indefinite periods, as maintained by 
Euler, would explain the phenomena ; or whether four poles. 
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as assigned by Halley, were requisite ; or, finally, whether 
the motion of magnetic polar points abont the poles of the 
earth be in any way competent to represent the observed 
phenomena at all. We have already adverted to the extra- 
ordinary and elaborate magnetic charts of this unwearied 
philosopher, with their marked systems of isogonal lines, 
loops, ovals, and other intricate convolutions, and which it 
would seem are all sweeping westward, each in separate 
progression, and each assuming some new modification of 
flexure. So completely has the question been worked out, 
that by means of these charts we obtain a faEiint glimpse of 
the progressive state of magnetic declination for two cen- 
turies, viz. from 1600 to 1800. The results of the investi- 
gation confirm, according to Hanstein, the existence of four 
poles, as imagined by Halley. These four poles, however, 
are of unequal force, and are all supposed to be continually 
shifting their places; each has a separate independent move- 
ment and period. The present places of these poles, as 
assigned by Hanstein, we have already given (256) ; they 
are all supposed to have a regular oblique-circular motion 
about the poles of the earth — ^the two north poles from 
west to east ; the two south poles from east to west ; and 
in the following periods: — ^The strongest north pole in 1,740 
years ; the weaker in 860 years : the strongest south pole 
in 4,609 years; the weaker in 1,804 years. Upon these 
data he assigns the position of these poles for the last half- 
century.* 

* By a curious coincidence, these periods involve a number, 432, 
sacred with the Indians, Babylonians, Greeks, and Egyptians, as being 
dependent on great combinations of natural events ; thus the periods 
860, 1,304, 1,740, and 4,609 become, by a slight modification, 864 
1,296, 1,728, 4,320, which are not inadmissible, considering the com- 
plicated nature of the observations from which the first numbers are 
derived. Now these numbers are each equal to 432 multiplied by 2, 
3, 4, and 10 successively. According to the Brahmin mythology, the 
world is divided into four periods, the first being 432,000 years, the 
second 2 x 432,000, the third 3 x 432,000, the fourth 10 x 432,000 years. 
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276. Orover*8 MagneUc OrhU. — ^Much valuable informa- 
tion relative to this interesting speculation has been 
afforded by Grover.* By a careful and laborious examina- 
tion of authentic observations,, he endeavours to show that 
< the movement of the magnetic pole governing Europe is 
capable of recognition, that it possesses an orbitual character 
of which the general features can be distinctly traced.' An 
horizontal action upon the needle is also inferred from these 
observations, depending on the isodynamic poles (256), by 
which he endeavours to explain the configuration of the 
isogenic lines. T];ie magnetic orbit, as traced from observa- 
tions on the magnetic needle in London, Paris, and St. 
Petersburgh, appears to be of the form given in the annexed 
fig. 133. In this figure N is the true north pole in the 

Fig. 133. 




middle of a section of the northern hemisphere, and 'the 

It is also, according to Hanstein, not unworthy of remark, that the 
sun's mean distance from the earth is 482 half-radii of the sun ; the 
moon's mean distance 432 half-radii of the moon ; but what is more 
especially striking is the circumstance that the number 25,920^432 x 60 
is the smallest number divisible at once by all the four periods, and 
hence the shortest time in which the four poles can accomplish a cycle. 
Now this time coincides exactly with the period in which the preces- 
sions of the equinoxes complete their circle, certainly a curious and re- 
markable series of coincidences. 

* 'Observations on the Magnetic Orbit,* by the Bev. H. Grover, 
London: J, Weale, 1850. 
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irregnlar elliptical curve the path of the pole so far as 
hitherto observed. In this curve the author has localized 
eight assigned positions for the magnetic pole, from obser- 
vations between the years 1580 and 1846. The points A 
and s represent the positions of the isodynamic poles, or 
points to which the isodynamic lines converge, one in 
Siberia, the other in America, and supposed to influence 
the position of the needle. In tracing the elements out of 
which this orbit is constructed, peculiarities present them- 
selves which throw much light on the whole magnetic 
system : for example, a certain acceleration and retardation 
of the motion, and the opposite bias of the two isody- 
namic hemispheres. By means of a critical examination 
of all the phenomena of this determined orbit, the author 
deduces some very general and curious facts bearing on the 
development of the magnetic lines, with their ovals, loops, 
and apparently inexplicable curvatures. The ovals he con- 
siders as temporary creations arising out of the peculiar 
position of the moving magnetic pole in relation to the 
two isodynamic poles a, s, by which a bias is given to the 
needles of a whole district. 

277. Theory of Barlow, — Professor Barlow, following up 
the construction of more perfect magnetic charts, is led to 
conclude that these charts present such a configuration of 
the magnetic lines as cannot be referred to any possible 
position of four or more magnetic poles ; but conceives that 
each place has its own relative pole and polar revolution 
governed by some unknown cause. This theory is so general, 
that it must be conceived to set aside altogether the idea of 
any particular pole or point toward which the magnetic 
needle becomes directed, and consequently all idea of a 
single magnetic axis; it hence leaves the law of the changes 
in the direction of the needle undetermined. The funda- 
mental principle on which this theory rests assumes the 
magnetic condition of the earth to be of that peculiar form 
observed in the passive or temporary magnetic state of a 
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soft iron ball or shell, and in which the poles or centres of 
action are always coincident with the centre of attraction of 
the snr&ce, which is not the case in permanentlj-niagnetized 
bodies. In these the centres of attraction are always at 
their poles. Professor Barlow having, as we have already 
seen (238), found the entire effect of a soft iron globe or 
shell to reside near the snrfiu^e, proceeded to inyestigate a 
formnlafor representing the influence of these bodies on the 
eompass-needle placed about them in different positions. 
Assuming upon the generally received hypothesis (14), that 
magnetic phenomena depend on two opposite fluids or 
forces, repulsive of themselves, but attractive of each other, 
and commonly existing in a greater or less degree of com- 
bination, we may suppose the action of the earth on spheres 
of sofb iron to take place on every particle of the mass in 
isoclinal lines (248) parallel to each other (102), and may 
further suppose that every particle of the iron is at the 
same distance from the centre of force as referred to the 
mass of the earth; in which case we may consider the effect 
upon each particle to be the same. 

As this question is important in a theoretical view, we 

will take Professor Barlow's illustration of this probable 

Fig. 134, magnetic condition of a soft 

iron ball or shell. Let ahcd 
(flg. 134) be a neutral sofb iron 
sphere. Suppose f c / to be 
the direction of the dipping- 
needle, and F the centre of 
terrestrial magnetic force at 
an indefinite distance; then by 
the operation of this force 
upon each particle, in the way 
just stated, the two magnetic 
fluids or forces resident in a 
combined state in the shell or globe ahod become sepa- 
rated, and may be supposed to form two spherical layers : 
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one, fhdy wliose centre is ip ; and another, mh d, whose 
centre is n ; the distance of these centres ^, n from each 
other depending on the susceptibility of the iron and other 
contingencies. In computing the action of an iron sphere 
in this state upon a distant magnetic particle, we may refer 
the action to those two centres |7, n, according to any assumed 
law of force (176). Professor Barlow supposes the force to 
be in the inverse duplicate ratio of the distance. This view 
differs from others of a similar kind in this, that the action 
or displacement of the fluids is referred to each particle, 
instead of the fluids being separated and accumulated in 
distinct poles ; and also in the great fact that the displace- 
ment is confined to the surface, and not, as Coulomb sup- 
posed, referable to the mass. The centres of action p, riy 
therefore, may become indefinitely near each other in the 
common centre of attraction of the surface, which is coin- 
cident with the centre of attraction of the mass only in 
spherical bodies, but on no others. Now by referring the 
earth's magnetism to an existing magnetic condition such 
as this. Professor Barlow finds that he is enabled to 
apply the analytical expressions he had previously deduced 
for representing the influence of an iron sphere on the 
compass (238) to the phenomena of terrestrial magnetism; 
his general deductions being that the earth is not a 
permanent magnet, but owes its magnetic state entirely to 
induction ; and that its action may be referred to two poles 
indefinitely near each other in the common centre of attrac- 
tion of the surface ; that is also of the mass of the earth. 
The latent magnetism of the sphere has in this case a mere 
condition of polarity. From whence this induction pro- 
ceeds he does not pretend to determine. The illustrious 
Gableo had an idea that a magnetic agency existed in some 
points of space, which led him to ascribe the parallel direc- 
tion of the earth's axis to a magnetic point of attraction in 
the distant heavens. 

278. Hypothesis of Blot — Biot, so long since as tho year 

p 8 
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1805, not finding it possible to reconcile observations on the 
Yariation and dip of the needle with the existence of two 
poles or centres of force near the terrestrial surface, thought 
of treating this problem under the condition that those 
centres were indeterminate, and then, by a comparison of 
the general analytical result with ^irther observations, 
endeavour to arrive 'at the precise position of these poles. 
Now it is not unworthy of remark, as being very confirma- 
tory of Barlow's views, that the nearer ihe poles were taken 
toward each other, the nearer the computed and observed 
results were found to agree; until, at length, by taking 
them indefinitely near each other in the centre of the 
earth, the computed and observed results in many cases 
completely coincided. In this investigation Mens. Biot 
assumes two points in a given terrestrial magnetic axis, by 
one of which the needle is attracted, by the other repelled ; 
and then investigates a formula for representing the dip 
and declination of the magnetic needle in any part of the 
earth in terms of an indeterminate distance between these 
points. 

279. Theory of Oavss, — This accomplished philosopher, 
whose magnetic researches have become in recent periods 
the wonder and admiration of Europe, assumes the terres- 
trial magnetic force to be the collective effect of the 
magnetism of the mass, and is led to consider the term 
pole as a very arbitrary assumption ; no number of definite 
points, be they 2 or 4, or even more, will explain the 
phenomena according to the laws of common magnetism. 
In the most simple meaning of the term pole. Gauss con- 
siders that there are only two, one in each hemisphere. K. 
there were four, we should have necessarily three points of 
verticity in each hemisphere ; that is to say, there would be 
a point between each two poles in which the needle would 
not obey the action of either exclusively, and would conse- 
quently, be vertical ; but such is not found to be the case. 
Gauss, starting from a great general principle, that mag- 
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netism is distributed througli the mass of the earth ia an 
unknown manner, has sacceeded in obtaining, partly by 
theory and partly by adaptation, a sort of empirical formula 
which represents in a wonderful way the many complicated 
phenomena of the magnetic lines, and has so &x embodied 
our knowledge of these phenomena in a law mathematically 
expressed. Gauss's investigation depends on the develop* 
ment of a peculiar fiinction much employed in Physical 
Astronomy, and which is obtained by summoning all the 
attractive and repulsive elements, each molecule being 
divided by its distance from the attracting or repelling 
point ; what are termed the differential coefficients of this 
function express the resolved components of the total 
magnetic action. By this process it is demonstrated that, 
whatever be the law of magnetic distribution, the dip, hori* 
zontal direction, and intensity at any place on the earth 
may be computed. Having exhibited his resulting formula 
in converging series, Gauss determines the dechnatioUi 
inclination, and intensity for ninety-one places on the 
earth's surface, and which are found to coincide with 
observation: one great feature, therefore, in this theory 
of terrestrial magnetism is, that the earth does not contain 
a single definite magnet, but irregularly-diffused magnetio 
elements, having collectively a distant resemblance to the 
condition of a common magnet. So that for magnetic poles 
we must substitute magnetic regions, over which a general 
magnetic influence obtains. Thus, instead of a Siberian pole, 
as determined by Hanstein, we have a Siberian region, in 
which the isogonal lines may be conceived to converge 
without coming absolutely to a point. 

280. Electro-Magnetic Theory, — The solution of the pro- 
blem, whence the mass of the earth derives its mag« 
netic state, is not in any way approached with so high a 
degree of probability as by the theory of electro-magnetic 
currents, caused to traverse the earth's surface by some of 
those natural agencies so continually opex^tting on it. Wo 
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Laye seen (68), that by heating one extremiiy of ametalHo 
bar or rod, the opposite extremity being Icept cool, so as to 
produce a disturbed equilibrium of temperature, electro- 
magnetic currents are produced, of such force as to torn the 
compass-needle at a large angle to its meridian. Sir David 
Brewster, so long since as the year 1821, observed a remark- 
able coincidence between the isothermal lines, or lines of 
equal heat, laid down by Humboldt, and the isogonal lines ot 
Halley, and had deduced for our northern hemisphere two 
poles of greatest cold, both in the locality of Hanstein's 
magnetic poles, viz. an American pole, lat. 73^ North, 
long. 102® West ; and an Asiatic pole, lat. 73° North, and 
long. 78° East. Sir David Brewster* is led to conclude that 
two meridians of greatest heat, and two of greatest cold, 
are called into play, and was finally led to imagine that 
the magnetism of our globe depended in great measure on 
electro-, or rather thermo-magnetic currents. Taking into 
consideration the heated belt of the equatorial regions, and 
the mass of the polar ices on either side of it, we have, as 
observed by Dr. Traill, all the conditions of a vast thermo- 
magnetic machine. A great link in the chain, however, is 
still wanting ; it is very difficult to say how or in what way 
these currents are caused to circulate about the mass of the 
earth. Grover, in his interesting littie work on the magnetic 
orbit, already alluded to, has some interesting observations 
on this question. According to his view, the atmosphere is 
the immediate source of terrestrial magnetism, which con- 
tains within it isolated columns of conducting media ; these 
surround the earth, and in such way, that in 365 revolutions 
the sun generates in it an electro-magnetic circulation; thus 
the terrestrial surface becomes enveloped in a vast electro- 
magnetic spiral coil (51), and we who live on it become 
placed intermediate between the coil and the surface by 
those peculiar motions of the earth which arise &om the 
yearly cycle finding its period at different hours of the day 

* *Edinb. Phil. Trans.' vol. ix. 
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and on differeai meridiane ; snct a change may take place 
in the precise position of this great atmospheric coil from 
time to time as wonld correspond with the orbit of the mag- 
netic rerolntion. The phenomena of periodical Tariations 
depend evidently on the action of heat and the position of 
the sun, and probably on resnl ting thermo- magnetic currents. 
Beyond this mere assumption, however, we have not any 
very secnre basis for reasoning ; the most admissible view of 
this kind of action, however, is the following: — During the 
dinmal motion of the earth, its snrface, especially abont the 
tropics, is continually heated and cooled in successive points, 
and in an east and west direction i if we admit, as in Esp. 50 
(68), that thermo-magnetic cnirents become &om this cause 
excited, and circniate in aa east tmd west direction over the 
terrestrial snr&ce, the resnlt will be a magnetic development 
in direction north and south (48) ; hence there will be a 
magnetic development in the earth in a direction nearly 
parallel with its axis. 

281. Baa-hw'a Electro-Magnetic Olobe. — From no one has 
the preceding electro-magnetia theoiy received so much 

substantial and fine ei- _. ,„, 

. , . Fig. 136. 

penmental support as 

&om the profound and 
great philosophical in- 
genuity of Professor 
Barlow. A hollow globe 
of wood, pn, fig. 135, 
sixteen Inches in dia- 
meter, had a groove, e q, 
out round its equatorial 
part, to represent the 
equator, and ^o other 

grooves, in parallels of ^ 

latitude distant 4J° from 
each other. A deeper 
and wider groove, also, p n, was out in it, extending from 
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pole to pole in the line of a single meridian. Things bein^ 
thus arranged, the middle portion of a copper wire -^ of 
an inch in diameter, and ninety feet long, was applied to 
the equatorial groove, in a point opposite the line of the 
meridian p n, which, being bent each way, in the equator 
eq,to meet at the groove p n, was continued toward each 
pole by a continual coiling and turning into the parallels of 
latitude. Finally, the remaining portions of the wire were 
covered with insulating varnished silk thread, and passed 
through the meridian groove toward the equator, and the 
two extremities, a, 6, brought out for connection with the 
poles of a voltaic combination (40) (47). The whole was 
now covered with the pictured gores of a common globe, 
and in such way as to bring the poles of the electro-mag- 
netic spiral as nearly as possible into the position of the 
observed terrestrial magnetic poles, viz. lat. 72° North, and 
lat. 73° South, and on the meridian corresponding with 
long. 76° west of Gfreenwich. 

The globe being now conveniently placed under a deli- 
cately-suspended needle a, ^g, 135, carefully neutralized 
in respect of the earth's action, electro-magnetic cur- 
rents were caused to circulate through the spiral beneath 
the paper surface (40). When the globe was so placed as 
to bring London into the zenith, the suspended needle took 
the inclination of the dip, at that time 70°, and also the 
line of the variation, at that time about 24° West. On 
turning the globe round so as to bring other places of the 
same parallel under the needle A, the dip of 70° remained, 
but the line of declination changed its direction, becoming 
first zero and then increasing eastward, much in the same 
way as happens in the case of the horizontal needle. When 
the globe was turned so as to cause the pole to approach 
the zenith, the dip increased up to a point of verticity ; and 
on turning it so as to bring the equator into the zenith, 
the suspended needle became horizontal. Continuing the 
motion so as to bring the south pole toward the zenith, the 
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suspended needle inclined in the opposite way, thns repre- 
senting on a small scale all the phenomena of the horizontal 
and incHned needles. Professor Barlow thinks that he has 
proved the existence of a force competent to produce all the 
phenomena of terrestrial magnetism without the aid of any 
body commonly called magnetic. 

282. Theory cmd recent Discoveries of Faraday. — This 
' distinguished philosopher, with his accustomed vigour of 
intellect and practised experimental hand, has not left the 
question of terrestrial magnetism unassisted by his immense 
labours. The general views which he is led to entertain 
upon points connected with the earth's magnetism may be 
thus stated : — Space devoid of matter, as also material space, 
that is, space in which matter is found, may be taken as 
being traversed by lines of force, operating, as it were, 
immediately through it.* The condition of the space 
intercepted between the iron walls of the magnetic 
field, fig. 60 (72), may be taken as illustrative of this 
assumed physical condition of things. Now, although it 
may appear to many persons very difficult to conceive the 
existence of mere force independent of what we commonly 
call matter, yet we must recollect that, both in electricity 
and magnetism, it is with forces that we are principally 
concerned, and that, after all, it is far more difficult to 
conceive the existence of matter without properties of this 
kind than such properties without the matter ; in fact, we 
recognise forces almost everywhere, but we recognise no- 
where the ultimate atom of solidity of which matter is 

* [Faraday defines a line of magnetic force as that line whicli a very 
small needle describes when it is so moved in either direction corre- 
spondent to its length that the needle is constantly a tangent to the 
line of motion, or that line along which, if a transverse wire be moved 
in either direction, there is no tendency to the formation of any current 
in the wire, whilst, if moved in any other direction, there is such a 
tendency. The direction of these lines about and between ordinary 
magnets is easily represented in a general manner by the use of iron 
filings.]—* PhiL Trans.' 1862. 
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supposed to consist. All space, either vacant or occnpied, 
presents for our consideration forces of various kinds, and 
the lines in which these forces are exerted. In viewing 
diflTerent substances in relation to lines of magnetic force, it 
is found that some bodies assume a position perpendicular 
to the direction of these lines ; that is, they take an equa- 
torial direction (74) ; others coincide in direction with the 
lines of force, and take an axial direction (76). Pure space, 
devoid of matter, is conceived to have a magnetic relation 
of its own ; that is to say, it permits lines of force to tra- 
verse it without in any way affecting them. The intro- 
duction of certain kinds of matter into space so occupied 
by force will, on the contrary, change the existing state of 
the lines by either increasing or decreasing the facility of 
transmission. Common matter, when referred to lines of 
magnetic force traversing pure space, may be considered 
as being either zero, or as producing no change, or as being 
on one side or the other of zero ; that is, as producing oppo- 
site effects. Hence has arisen a classification of two kinds 
of magnetic substances, viz. those which point axially 
(76), and which have been termed paramagnetic substances, 
and those which point equatorially, termed diamagnetic. 
So that, taking the term ^Magnetic' in its most general 
sense, as applicable to all the phenomena, we have the fol* 
lowing division :— 

Magnetic ( Paramagnetic. 
I Diamagnetic. 

When paramagnetic or diamagnetic substances are in- 
troduced into the magnetic field, they either increase or 
decrease the degree in which the force is transmitted, and 
thus disturb the uniformity of the lines. Paramagnetic 
sabstances, for example, concentrate the lines of force upon 
themselves, as represented by p in the annexed fig. 136. 
Diamagnetic bodies, on the contrary, expand the lines of 
force, and causo them to open outward from themselves, as 
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xepresented by d ia fig. 136. Farada; calls this, for tha 
moment, nmgoetic condaction. FarBinagiietic bodieB, wben 
iutrodnced into tlie magnetic field, always tend, from their 



power of concentration of force, from weaker to stronger 
places of magnetic action, and are urged in the axial line 
(70). Diamagnetio bodies, on the contrajy, tend from 
stronger to weaker places, and are repulsed to the equa- 
torial line C7i). The force which thns nrges bodies to the 
axial OF eqnatorifd lines is not a central force, bnb a force 
differing in character in the axial or radial directions. 
One ma,j retain a veiy concise notion of this paramagnetic 
and diami^^netio relation 1^ conceiving that if a liquid para- 
magnetic body were introduced into the field of force, it 
wonld become prolonged axially, and form a prolate Bphe- 
roid; whUat a liquid diamagnetio body would become 
prolonged eqnatorially, and form an oblate spheroid. 

883, Atmospheric Magnettem. — By one of those happy 
trains of thought peculiar to great philosophical minds, 
Faraday conceived the idea of an atmospheric nkagnetism, 
and succeeded in proving that gaseous substances, when in 
the magnetic field, obeyed the same laws as all other matter. 
Thus oxygen gas, enclosed in a thin envelope, becomes 
drawn pai'omagnetically into the axial line, and is hence 
attracted by the magnet aft«r the manner of iron (80), 
whilst olefiant gas, for example, is repelled diamaguetically 
into the eqoatcoial line, after the manner of bismuth. Tbe 
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nitrogen of the air does not appear to be either paramag- 
netic or diamagnetic, but to constitute the zero place in tbe 
scale of different substances. In thus demonstrating the 
paramagnetic property of oxygen, we arrive at the very im- 
portant fact, that two-ninths of the atmosphere, by weight, 
consists of a substance magnetic in character, after the 
manner of iron, a substance liable to vast changes in its 
physical conditions of temperature and density, and by 
which its magnetic character would be liable to vary, inde- 
pendently of all consideration of magnetic force existing 
in the mass of our globe considered as a magnetic body 
per se. 

The earth itself may be considered as a spherical mass, 
consisting of both paramagnetic and diamagnetic substances 
very irregularly disposed; it is nevertheless to be con- 
sidered on the whole as a magnet, and as an original source o\ 
power. The magnetic force of this great system is disposed 
with a certain degree of regularity, so far as our oppor- 
tunities of examining it extend, which is only on its surfa.ce. 
The lines of force which pass in or across this surface are 
made known to us, as respects direction and intensify, by 
means of small standard magnets. The average course, 
however, of these lines and their temporary variations, 
either in the space above or in the earth beneath, are but 
very obscurely indicated through the same means. Our 
observations, in fact, do not tell us whether the cause of 
the variations is above or below. 

The lines of. magnetic force issue &om the earth in the 
northern and southern parts, with different but correspond- 
ing degrees of inclination, and incline to and coalesce with 
each other over the equatorial parts. 

The lines of force which proceed from the earth into 
space most probably return to it again ; but in their cir- 
cuitous course may extend to a distance of many of its 
diameters, to tens of thousands of miles. Space, then, forms 
the great abyss into which such line of force as we reoog- 
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nize by our instroments proceed. Between the earth and 
this space, however, there is the atmosphere ; it is at the 
bottom of this we live, and in the substance of which we 
carry on all our inquiries. Now this medium is, as we have 
just seen, highly paramagnetic, and may evidently become 
changed in its magnetic relations by any change incidental 
to temperature or pressure. None of these changes can 
happen without affectiog the magnetic force emanating from 
the earth, and causing variations at its sur&bce both in 
intensiiy and direction. 

Having examined a variety of circumstances affecting the 
magnetic condition of the atmosphere, and the probable way 
in which such changes would affect the magnetic needle, 
Faraday concludes that the magnet, as at present applied, 
is not always a perfect measure of the earth's magnetic 
force. The intensity, for example, in oxygen, of a given 
density, would be different from those in expanded oxygen, 
although the same amount of lines of force and magnetic 
energy were present in both cases. To understand this, we 
have to consider that a needle vibrates by gathering upon 
itself the lines of force f, fig. 136, and which otherwise 
would traverse the space about it. If the oxygen, therefore, 
be made dense, and a better conductor, then the magnet 
would carry on less of the force, and the oxygen more ; it is 
therefore very important to know whether, when the magnet 
indicates an increased intensity, the intensity is due to the 
earth as a source of power, or to a change in the magnetic 
constitution of the surrounding space,* considering that 
the magnetic state of the earth may not change, whilst the 
oscillating needle, by the influence of the different conditions 
of day and night, or of summer and winter, may show a 
difference. So far the magnet, as at present applied, is not, 
according to this theory, a perfect me^ure of the terrestrial 

* The author of this work first pointed out the necessity of placing 
the oscillating magnet in a space as nearly approaching a vacnum ss 
possible.— <Kdinb. Phil. Trans.' for 1836, vol. xiii. part 1. 
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magnetic intensity. It is to the magnetic constitution and 
condition of the atmosphere, and the changes liable to be 
effected in it from changes in temperature, pressure, &c.> 
that Faraday refers the annual and diurnal variation of the 
needle, and other periodical changes to which it is subject. 
Thus the position of the sun at a given place affects the 
atmosphere, the atmosphere affects the direction of the 
lines of force, the lines of force there affect those at any 
distance, and those affect the needles which they respectively 
govern. The sole action of the atmosphere is to bend the 
lines of force, whilst the needle, being held by these lines, 
changes in position with the change "of the lines. The 
needle is, in feict, a sort of balance, on which all the magnetic 
power around a given place hangs. Its mean position is 
the normal position. The fixation of the lines of force on 
the earth brings the needle back from its disturbed to this 
normal state; thus, as the earth rolls on in its annual 
course, that which at one time was the cooler becomes the 
warmer hemisphere, and in its turn sinks as far below the 
average magnetic intensity as it before stood above it. Now, 
since the sum of the forces passing out from the earth, 
wherever there is dip, must correspond on each side of the 
magnetic equator, it is impossible that they should become 
more intense in one hemisphere or more feeble in the other 
without corresponding effects upon the position of the 
magnetic equator itself, which may be thus expected to 
undulate, as it were, with the force, and move alternately 
north and south every year. 

In the case of the diurnal variation, the whole portion 
of the atmosphere exposed to the sun receives power to 
refract the lines of force, and the whole of that which covers 
the darker hemisphere assumes an equally altered but con- 
trary state. It is as if the earth were enclosed within two 
enormous magnetic lenses, competent to affect the direction 
of the lines of force passing through them. 

This hypothesis does not assume that the heated or cooled 
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air has become actnally magnetic, but is changed only in its 
power of transmitting the lines of magnetic force. It does 
not at present profess to apply to the magnetic or great 
secnlar changes of terrestrial magnetism, or to the cause of 
the magnetic state of the earth itself. With respect to 
variations of magnetic force not periodic bat irregular, 
Faraday refers them to varying pressure, winds, currents, 
precipitations of rain or snow, &c., all of which may change 
the magnetic conduction of the air ; and in this way the 
presence of a mere cloud near a station may do more than 
the rising sun. Where the air is changed in temperature 
or volume, there it acts and there it alters the directions of 
ihe lines of force, and these by their tension carry on the 
effect to more distant lines, whose needles thus become 
affected also. 

284. Theoretical Review of Ordinary Magnetic Action,'^ 
The first idea of ordinary magnetic phenomena was, as we 
have seen (13), the doctrine of Thales, who conceived the 
magnet to possess a species of animation ; this doctrine, how- 
ever, was superseded by the doctrine of magnetic effluvia 
(13), a principle which engaged the attention of philoso- 
phers down to the time of the celebrated Boyle. Lucretius, 
in his fine poem * De Eerum Naturd.,' supposes that in the 
attraction of iron the effluvium of the lodestone displaced 
the surrounding air, in consequence of which atoms of iron 
flew toward the void, and in doing so dragged the iron 
toward the lodestone. Following this hypothesis arose the 
notion of an expansion and contraction of the effluvia, which, 
being thrown outward from the magnet, seized upon ferru- 
ginous matter, and drew it by a collapse to the magnetic 
pole. Boyle resolves magnetic effluvia into indefinitely 
small atoms of magnetic iron, so indefinitely small as to 
permeate solid substances, and thus the lodestone is enabled 
to seize upon iron so forcibly as to raise it against its own 
gravity.* Gilbert imagines magnetic force to depend on 
* * Essays on Efiauviums/ p. 33. London, 1673. 
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what he calls 'a formal efficiency/ a 'form of primary 
globes/ of which forms there is one in the sun, one in the 
earfch, another in the moon. Magnetism is the ' formal effi- 
ciency ' peculiar to the earth. The views of this tmly great 
philosopher are, it mnst be allowed, very obscurely ex- 
pressed, and, in common with all the preceding, were never 
practically applied in physico-mathematical science. 

285. Descartes, casting aside all preceding doctrines, 
applied his famous system of vortices of »therial fluid in 
explanation of magnetic action. The Cartesian hypothesia 
supposes matter to be indefinitely extensible without any 
other property, and to consist of atoms of different forms 
—every other quality being derived from setherial elastic 
fluid continually revolving in vortices or eddies of various 
orders. The magnetic curves he thinks an evidence of 
this. In no instance has the reasoning of this distin- 
guished man been so persuasive as in the application of his 
theory to the phenomena of magnetism, 

286. Dr. Gowen Knight supposes magnetic action to 
depend on the circulation of a repellent fluid existing in 
space and in the pores of steel,* and capable of passing in 
and out of the magnet, or between magnetic poles, in one 
direction only. This hypothesis he thinks consistent with 
the observed phenomena. If, he says, a reason can be 
assigned for this circulation, then the * whole mystery of 
magnetism is solved.' Attraction, upon this hypothesis, 
is the result of the fluid circulating &om the pole of one 
magnet to the pole of another, ^g, 17 (28). Repulsion, on 
the contrary, is the result of opposed streams, ^g, 18 (28). 
Dr. Kiiight's work is by no means undeserving of notice, 
as being one of the first attempts to account for magnetic 
phenomena through the mechanics of matter and motion ; 
and although strong exceptions have been taken to his 
postulates, the question how far they lead us to conclusions 
in accordance with observation still remains to be con- 
* 'Attempt to explain the Phenomena of Nature,' &c. (London, 1748.) 
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sidered ; of the agents employed by nature we really know 
nothing, except by the assimilation of effects with other 
agencies familiar to us. One of the great objections taken 
to this hypothesis is, that it is irreconcilable with the par- 
ticular law of force deduced by Lambert and Coulomb, and 
should therefore be discarded.* This is, however, a some- 
what hasty conclusion, since we have already seen, both 
experimentally (208) and by the researches of Faraday 
(282), that magnetism is not necessarily a central force, 
and that the law deduced by Coulomb and other philoso- 
phers is only a particular case of a more general form of 
magnetic action. 

287. It is not unworthy of remark, that soon after the 
discovery of electro-magnetism in 1819, Ampere deve- 
loped his beautiful electro-dynamic theory, and showed the 
mutual attractions and repulsions of electrical currents f 
according to a certain fundamental law ; by assuming for a 
magnet a peculiar structure, he brings it under the do- 
minion of this law, and by a most beautiful experiment 
shows tliat the circulation of electrical currents in a spiral 
wire, fig. 43 (61), imparts to that wire all the properties of 
polarity in the direction of its length ; and is finally led 
to conclude that a magnet has a current of electric fluid 
circulating about it in planes nearly perpendicular to its 
axis. 

288. Following Dr. Knight's work, we have the fine 
work of u^pinus,} in which the author supposes the ex- 
istence of an setherial fluid, termed the magnetic fluid, the 
particles of which repulse each other, but attract, and are 
attracted by, the particles of ferruginous matter. He fiir- 
ther supposes that, in the absence of this magnetic fluid, 
the particles of ferruginous bodies also repulse each other, 
but attract the magnetic fluid ; all these attractions and 

* * Library of Useful Knowledge.* * Magnetism/ p. 33. 
t * Eudimentary Electricity/ second edition, p. 170. 
X * Tentamen Theorise Electricitatis et Magnetismi.' 
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repuMonB conform to the general law of central forces, 
being as the squares of the distances inversely. Spinas 
had the great merit of reducing the laws of equilibrium of 
such a fluid and common matter to strict mathematical in- 
vestigation, and of affording, in a great majority of cases, 
a satisfactory explanation of the phenomena. According 
to the hypothesis of ^pinus, the condition of a magnet is 
an induced disturbance of the magnetic fluid it contains^ 
from which results a redundancy or accumulation of fluid 
in one pole, and a deficiency, or what may be termed re- 
dundant matter, in the other. This positive and this nega- 
tive pole attract each other because of the mutual attraction 
between the redundant fluid of the positive pole and the 
redundant matter of the negative pole. Two positive poles 
repulse each other from the mutual repulsion of the parti- 
cles of the magnetic fluid ; two negative poles also repulse 
each other in consequence of the repulsion of the particles 
of redundant matter. Induction is the result of similar 
attractions and repulsions upon the magnetic fluid and fer- 
ruginous matter or distant iron by an overcharged or under- 
charged pole. 

289. The French philosophers, startled at the assumption 
of a repulsive force in the particles of common matter, as 
being contrary to a fundamental law of gravity, changed the 
terms of the hypothesis of ^pinus, without altering vir- 
tually its application. Having assumed the existence of a 
primary magnetic fluid, they supposed it to be a compound 
of two elementary principles, an austral and a boreal fluid, 
each repulsive of their own particles, but attractive of each 
other. Magnetic action is the result of a separation of these 
elementary fluids in each particle of the mass, and to which 
they are confined. This hypothesis originated with Cou- 
lomb about the year 1780, after the discovery of the oppo- 
site electricities, and the electrical theories of Du Fay and 
Symmer. It has since been more especially carried out in 
all its generality by M. Poisson, in his elaborate and 
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jnathematical analysis of the phenomena of magnetism. 
M. Poisson proves that the sum of the actions of the 
magnetic elements in a given magnet are the same as if 
they proceeded fix)m a thin stratum of each fluid occupying 
the surface only, and so distributed that their total action 
upon the interior of the body is equal to zero. We have 
only to substitute the term austral fluid for redundant mat- 
ter or deficient fluid, and we have nearly the same result. 
Bonnycastle, in his application of this hypothesis, conceives 
the two fluids to have accumulated in opposite parts of a 
magnet, which would make it identical with the hypothesis 
of ^pinus, by only changing the terms ; whilst Barlow 
confines the action to the surfia.ce of the magnet alto- 
getber^ and refers the respective centres of force to two 
centres indefinitely near each other in the centre of at- 
traction of the Burfiace. 

We have rather dwelt on these views of ^pinus and the 
French philosophers because of their admitting of the appli* 
cation of strict mathematical reasoning, and because of their 
being generally received as adequate to the explanation 
ot magnetic action, no other equally substantive theories 
having been hitherto proposed ; we must not. However, 
imagine that either of these hypotheses furnishes a real 
explanation of magnetic force, or that the existence of a 
magnetic fluid or fluids is, after all, anything more than a 
fiction of the mind, employed as a temporary substitute for 
truth. Still they greatly assist us in arriving at what wo 
may consider as a true theory, viz. a resolving of classified 
facts into other facts still more general, and the final 
development of one great ultimate fact common to them 
all. Few who have considered the more recent progress of 
electricity and magnetism, more especially the brilliant 
researches of Faraday, will be disposed to place much con- 
fidence in the notion of electrical and magnetic fluids, and 
who will not perceive that the phenomena depend in all 
probability upon a principle of causation of a very different 
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character. Grove, reasoning on the correlation of physical 
forces, considers magnetism as a mode of motion caused by 
certain undulations or vibrations in the particles of common 
matter. Faraday, as we have seen,* disencumbers himself 
of the common theory of material atoms, and refers the 
phenomena to certain lines of force traversing space and the 
relations which various substances have to these lines. 
In all these speculations the student will do well to 
remember that it is quite in vain to seek for an adequate 
explanation of causation in the abstract ; all we can hope to 
arrive at is, as just observed, the resolving of phenomena 
into an intelligible sequence, and showing their dependence 
on some great ultimate principle reducible to a fact. This 
it is which constitutes a perfect theory. 

[290. Employment of induced MagnetO'eleci/ric OurrenU as 
a test a/nd measure of Magnetic Force, — Faraday* s Researches, 
—A piece of metal or conducting matter which moves 
across lines of magnetic force (282) has, or tends to have, 
a current of electricity produced in it, and the direction 
of the polarity of a magnet is determined by the direction 
of the electric current produced in it during the motion. 

Thus, if N represent a mag- 
netic pole, and over it a cir- 
cuit be formed of metal of any 
shape, and which at first is in 
' a position c ; then, if that cir- 
cuit be moved in one direc- 
tion into position l, or in 
the contrary direction into 
positions 2, 3, 4, and 5 ; or if, 
the first position c being re- 
tained, the pole move to or 
towards the position ti, then 
an electric current will be poduced in the circuit, having 
in every case the same direction, being that marked by the 

* 'Budimentary Electricity. 
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arrows. Reverse motions give currents in the reverse 
direction. 

No inductive effect is produced by tlie mere rotation of 
a bar magnet, and no currents are produced in a wire re- 
volving with tbe magnet ; but if the wire rotates whilst the 
bar is stationary, or if the bar rotates while the wire is 
stationary, currents are produced. 

The magnetic forces are distributed in and round a b<ar 
magnet in the simplest and most regular manner, so that 
any wire or line proceeding &om a point in the magnetic 
equator of the bar, so as to pass through the magnetic axis 
to a point on the opposite side of the magnetic equator, 
must intersect all the lines in the plane through which it 
passes, and a wire ring, somewhat larger than the magnet, 
held edgewise at one of the poles, and then turned 90° and 
carried over the pole to the equator, intersects once, all, or 
nearly all, the lines of the magnet. 

In experimenting on the currents produced in wires when 
they cross the lines of magnetic force, Faraday employed 
a galvanometer (fig. 138) in which the conducting coil was 
cut out of plates of copper, so as to form a square band 
0'2 of an inch in thickness, which Ym. 138. 

passed twice round the vibration 
plane of each needle, the length 
of the metal round the needles 
being 24 inches, the fine long 
wire of the coil galvanometer 
offering too great an obstruction 
to the passage of currents of such 
feeble intensity. These galvano- 
meters proved far more sensible 
than the fine wire instruments ; the mere passage of a 
wire loop once between the poles of a horseshoe magnet 
(fig. 139) capable of supporting 40 lbs. being sufficient to 
cause a swing of the needle through 90°. 

It was found necessary, in order to obtain uniform 

q2 
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results, that the wire should be moved with the same 

velocity, and should be of the 
^'^' ^^^- saTTie thickness and of the 

_. same metal. 

By the term magnetic po» 
lariin/, Faraday understands 
the opposite and antithetical 
actions which are manifested 
at the opposite ends of a 
portion of a lim of force, and he regards the indications 
of the moving wire as most valuable,* because it shows the 
full amount of magnetic power without in the least disturb- 
ing the disposition of that power. The amount of current 
induced is precisely proportionate to the amount of lines of 
magnetic force intersected by the moving wire in which the 
Fig. 140. electric current is generated and appears. Thus, 
on introducing a bar magnet into the loop, fig. 140, 
and leaving it there, a deflection of 8° was con- 
stantly produced at the galvanometer; two intro- 
ductions (the electric current being broken by 
removing one or other of the terminals of the loop 
from the mercury cup of the galvanometer, pre- 
vious to removing the magnet) produced a deflec- 
tion of 1576®; three introductions produced a 
deflection of 28*87'* ; and/owr, a deflection of 31*66°. 
7or experimenting with the magnetic force of 
tliii earth, the form of moving wire employed was in 
the form of a rectangle x)r ring, which was caused 
to rotate, and the currents produced gathered up 
by a commutator and sent on to the galvanometer 

* The pointing of a substance is an effect dependent on media and 
circumstances; e.g. a weak solution of jprotosuljphaie of iron, if sur- 
rounded by "\Srater, will in the magnetic field point axiaUy, but if in a 
solution stronger than itself, it will point eqiiatoriaUy, 

In a field of equal force, a magnetic needle cannot show polarity, as 
the very fact of pointing implies a disturbance of the equality of 
arrangement of force. 





to be measnred. There is this difference between the 
magnet and the earth in their action on the moving wire. 
If a loop be placed over a magnet, it encloses all tho 
lines of force belonging to it ; therefore the greater tho 
number of convolutions of that loop, the greater the amount 
of electricity induced. The contrary is the case with regard 
to the earth's magnetic force ; here the lines of force inter- 
sected are as the areas of the moving rectangles. 

Faraday thinks that, by improved arrangements, the 
moving wire may hereafter be applied with advantage to 
tbe investigation of the earth's magnetic force in different 
latitudes and places. The axis of rotation must be per- 
pendicular to the lines of force, i.e, to the dip, 

291. Analogy of a Magnet with a Voltaic Battery a/nd an 
JEJleciric Gondtictor polarized hy Induction, — ^As far as regards 
the disposition of the external lines of force, the analogy is 
perfect. Faraday magnetized to saturation a very hard 
steel bar 12 inches long, 1 inch broad, and 0*05 inch 
thick ; its power, as measured by the moving wire, was 
6*9®. It was now broken into two pieces nearly in the 
middle : one half had a power of 6*94°, the other of 6*89°. 
The two pieces, placed side by side with similar poles, 
together as a compound magnet, had a power of 11*06°, not 
much below the sum of the powers of each half ascertained 
separately, and the loss on each half, aa compared with the 
original bar, was not greater than was to be expected, 
considering the saturated state of the original magnet. 

This is quite in harmony with the voltaic battery, for it is 
well known that if a battery of twenty plates be separated 
into two of ten or four of five pairs, each of the smaller 
batteries can supply as much dynamic electricity as the 
original battery, provided there be no obstruction to the 
passage of the current. 

But in neither the battery nor the conductor are tho 
lines of force continued internally^ as is the case with tho 
magnet. Consequently^ on separating the conductor or 
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insulated battery in tlie middle, no change appears there, 
nor any origin of new lines of inductive force, but the two 
divided portions remain in opposite stateBy or absolutely 
changed. In the magnet, on the other hand, there is on 
division a development of new external lines of force, and no 
absolute change of northness or southness, because the lines 
of force are continuous through the body of the magnet. 

It has been shown by Ampere and Davy that an electric 
current has a tendency to elongate itself, and that like electric 
currents attract each other ; but a magnetic ' axis of power' 
has a tendency to shorten itself, and like magnetic lines of 
force exert mutual repulsion. Here a contrast between 
the electric and magnetic forces seems to be demonstrated, 
but in reality there is again a coincidence, because the two 
axes of power are at right angles to each other. Again, 
unlike magnetic lines, when end on, as when similar magnetic 
poles are face to face, repel; so also, unlike electric currents, 
when in the same relation, repel also. Like electric forces, 
when end on, coalesce; like magnetic forces do the same. 
Like electric currents end to end do not add to their sums ; 
the quantity of electricity circulating in a battery is not 
increased by adding to the number of the plates ; and like 
magnetic * lines of force,' do not increase each other. Lastly, 
like electric currents side by side (a voltaic battery with 
large plates compared with one with small plates) add their 
quantities together, and Uke magnetic forces do the same. 

292. Condition of a Magnst. — ^Faraday considers the con- 
dition of a magnet to be similar to that of a voltaic battery 
immersed in water, or to a gymnotus or torpedo^ when these 
fish, at their will, fill the surrounding fluid with lines of 
electric force. The direction of these lines may be traced 
in the water round the battery by a magnetic needle or by 
the galvanometer ; there is probably just such a medium 
(magnetically speaking) round a magnet in free space. 

In a horseshoe magnet the lines of force are greatly 
distorted. The line of maximum forces &om pole to pole 
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grows np as the horseshoe form is more completely given, 
the power gathering in and accnmtdating about this line, 
because the bad conducting space between the poles is 
shortened. A bent voltaic battery or a gymnotus, curved 
at the moment of its action, presents like results. 

The action of the keeper in reducing the power of the 
magnet in the space around is evident : a good conductor is 
substituted for a bad, and hence more power is transmitted 
through it, and less through space. Again, when a magnet 
is charged to saturation with the keeper on, it falls in power 
when the keeper is removed, because the keeper, while on, 
in consequence of its excellent conducting power, enables 
the magnet to take up and sustain a higher condition of 
charge, which faculty it loses when the keeper is removed. 
The same explanation applies to the well-known fact, that a 
magnet will receive a much higher charge when a piece of 
iron is in contact with its poles than when it is surrounded 
with the lower paramagnetic air. It also shows why the 
armature of the lodestone is useful. A magnet when 
charged to supersaturation loses its power when left alone ; 
but if the feeble magnet-conducting air be replaced by a 
body of good conducting power, as when a magnet is sur- 
rounded by iron, it retains its power. 

293. Places of no Magnetic Action. — ^Faraday arranged six 
electro-magnets in the position shown in fig. 141, so that, 
when excited, their poles were togetiier in such a maoner 
as to include a cubical space or 
chamber, to which access could 
be obtained either by removing 
a portion of the solid angles of 
the ends, or by drawing one of 
the electro-magnets a little way 
from the others. A small mag- 
netic needle, hung in the middle 
of this space, gave no indication 
of any magnetic power ; iron filings sprinkled on a cord 
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were not affected in the middle part, nor could any indnc- 
tlye effects be obtained by tHe rotation of a ring helix. The 
chamber was in fact the analogue of the space presented 
within a deep metaUic yessel when charged with electricity. 
Similar phenomena may be obtained with ordinary mag- 
nets placed with their similar poles together, as in fig. 142. 

Iron filings sprinkled on a 
Fig. 142. pasteboard tray may be ex- 

amined in the chamber of 
fig. 142, and a small mag- 
netic needle may be intro- 
duced into the vertical cham- 
ber of fig. 143. 
* Contemplating,' says Fa- 
raday,* * a bar magnet by itself, I see in it a source of dual 
power. I believe its dualities are especially related to each 
other, and cannot texist but by that relation. I think that, 
though related through the magnet by sustaining power, 

they are not so related by dis- 
chargiog or inducing power, a power 
equal in amount to the coercitive or 
sustaining power. The relation ex- 
ternally appears to me to be through 
the space around the magnet: in 
which space a sphondyloid of power 
is present, consisting of closed curves 
of magnetic force. That the space 
is not magnetically dark appears to 
me by this, that when bodies occupy that space having 
like relation by known phenomena to the power as the 
space has — ^as copper, mercury, &c. — they produce magneto- 
eWocnrrentewhe;moyed Wtenb.Ls(media)Supy 
the space around the magnet, they modify its capability of 
transmitting and relaxing the dual force of the magnet, 
and, as they increase or diminish that capability, are para* 

» *Phil. Mag* Feb. 1855. 
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magnetio or diamagnetic in their nature, giving rise to the 
phenomena which comes under the term of magnetic con- 
duction. The same magnet can hold different charges as the 
medium connecting its poles varies, and so one ftiUy charged 
ydth a good medium (such as iron) between its poles falls 
in power where the iron is replaced by air, or by space, or by 
bismuth. The medium about a magnet may be mixed in 
its nature, and then more dual power is disposed of through 
the better conductor than the worse, but the whole amount 
of power remains unchanged. The powers and utility of 
the media and of space itself fail, if the dual force or polar 
action be interrupted. The magnet could not exist without 
a surrounding medium or space, and would be extinguished 
if deprived of it, and is extinguished if the space be occu- 
pied adversely by the dual power of a dominant magnet of 
suflBcient force. The polarity of each line of force is in the 
same direction throughout the whole of its closed course. 
Pointing in one direction or another is a differential action, 
due to the convergence or divergence of the lines of force 
upon the substance acted on, according as it is a better or 
worse conductor of the magnetic force.'] 
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CHAPTER X. 

THE MABINEB'S COMPASS. 

Early fiistoiy— The Mariner's Needle— Dr. G-. Knight's Inquiries — 
Best Form and Conditions of Compass Bars — ^Modes of Suspension — 
Scoresby's Compound Bars — Employment of more than one Needle in 
the" same Compass; various kinds of Sea-Compass — Committee of 
Inquiry into the State of the Compass Department of the Navy— The 
Admiralty Compass — ^Application of Magneto-Electrical Action to the 
Movements of the Needle and Compass by the Author— Magnetic 
Observatory at Woolwich — ^Mode of testing the Compasses of the Boyal 
Navy— Local Attraction of Ships— Iron Ships — ^Deviations of the 
Compass on Shipboard — ^Methods of Correction. 

294. We have already described (147) in a general way 
ihe natnre and use of the mariner's compass, and have' 
farther explained (243) the terrestrial magnetic variations 
to which it is snbject ; there remain, however, to be yet 
considered some other circnmstances connected with this 
snperb invention demanding especial attention ; these relate 
principally to certain improvements in the construction and 
use of the compass, and the deviations to which it is liable 
in consequence of the local attraction of a ship, especially 
of an iron sliip, together with the methods hitherto prac- 
tised for determining and correcting such deviations. Upon 
a review of the immense importance of this subject, there- 
fore, as a branch of magnetism, we have thought it desir- 
able to devote a few pages to the exclusive consideration of 
this wonderful instrument, which, taking it in all its 
generality, may be considered as the polar star of magnetic 
science. 

295. The application of the directive property of the 
lodestone (6) to the purposes of perilous journeys on land, 
and to the art of navigation, may be considered, probably, 
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the first, as it was certainly tlie greatest practical use to 
wluch magnetism has been as yet made ^bservient, and 
furnishes an invaluable lesson in attemps to investigate 
nature by a careful collection of facts, however trifling the 
£Ei)Cts may appear. The person who first observed the 
attraction of one particle of iron toward another Httle 
thought of its leading to a means of guiding the mariner 
over a perilous and pathless ocean in the midst of darkness 
and tempest, without any other light to cheer his way than 
that of a small lamp shining on a piece of steel ; yet such 
has been the result of the discovery of magnetic agency. 
By whom the mariner's compass was first invented, or with 
what nation it may have originated, has never been circum- 
stantially determined; it is, however, pretty certain, as 
observed by the indefatigable Humboldt, that, at least 
seven hundred years before it was employed by European 
nations, Chinese craft were sailing on the Indian Ocean 
under the supposed guidance of south magnetic indication : 
this, together with the proved use of the common compass 
in China from the earliest times of which we have any re- 
cord, the terms the Chinese employ to designate it, and the 
prevailing idea in that country that the needle points 
south, go fer in corroborating the opinion that the mari- 
ner's compass originated in China, or in some part of 
India ^). A. rude form of compass is said to bave been 
invented in Upper Asia, and from thence conveyed by the 
Tartars to China.* 

The employment of the needle in navigation appears to 
have been first generally introduced into Europe towards 
the end of the thirteenth, or the beginning of the fourteenth 
century, and is attributed to a Neapolitan, a noble citizen 
of a town of Principato, which has ever since borne the 
figure of a mariner's compass ^ the arms of the territory. 

296. The magnet, when first used in navigation, consisted 
of a common sewing-needle, which, being rendered magnetic, 
* Mrs. Somerville, * Physical Sciences,* p. 338. 
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was passed througli a piece of reed or cork, sometimes 
forming a cross, and allowed to float on the surface of 
water ; hence, probably, the term * magnetic needle.* Sach 
at least, was the practice of the captains navigating the 
Syrian seas in 1242.* Subsequently, however, the needle 
was increased to about six inches in length, and suspended 
on a point, in a white china dish filled with water, probably 
to prevent it from falling toward the side of the vessel. 
The present form of the mariner's compass (147) is un- 
doubtedly of comparatively recent date, and it is equally 
certain that advances toward refinement in its construction 
have been very slow ; indeed, so lately as the year 1820, 
Professor Barlow, who was directed by the Board of Admi- 
ralty to investigate and report on the state of the compasses 
^imished to the royal navy, states, ' that at least one-half 
of them were mere lumber, and ought to be destroyed/ 
Plinders also observes, * the compasses of the royal navy 
are the worst-constructed instruments of any carried to 
sea.' 

297. We are indebted to Dr. Gowan Knight f for many 
valuable attemps to improve the mariner's compass in this 
country. Almost all the needles in merchant ships were, at 
the time he wrote, in 1760, composed of two pieces of steel, 
bent in the middle, and united in the form of a lozenge or 
p. - , . rhombus, as in the annexed 

fig. 144. This form he con- 
siders as very objectionable. 
Having examined twenty 
of these needles, he found them all to vary from the true 
direction. Should the temper of the steel be unequal, the 
hardest sides will have, he says, the greatest directive 
power. Besides this, the sides which nearest agree in 
direction with the earth's magnetism, when the needle 
deviates from the meridian, will tend to preserve the decli- 

* Klaproth, *Lettre a M. Humboldt,* p. ^7, 
t *Phil. Trans.* 1760, vol. 4^. 
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nation more or less ; hence many of the needles and cards 
he examined appeared to have a very small directive force. 
The needles employed in the navy were made of a single 
piece of spring-tempered steel (87), broad toward the ends, 
which were pointed, and tapering toward the middle, as 
represented in the annexed fig. 145. Fig. 146. 

This form, although less objectionable 
as to direction, was still imperfect. 
Such needles, he says, acquire six poles (26) ; these may be 
made apparent by the experiment with steel filings (28). 
The needle has not, from this circumstance, the same 
amount of directive force ; the greatest directive force ob- " 
tains when the magnetic curves extend from two polar 
eictremities. Dr. Knight concludes, after a careful inquiry, 
that a regular parallelepiped, or straight bar narrow-edge 
needle, as represented in F* 146 

the annexed fig. 146, is the .^ 

most advantageous form \_^ i ■ sJ - g»| 

for a compass-needle. He ^ 

thinks that if the hole at c for the suspension-cap could bo 
avoided, it would be very desirable, and for the reasons just 
assigned. With this view he was led to suspend the bar upon 
an agate attached to its under surface, the card being secured 
beneath the bar through the intervention of a ring of brass, 
of sufficient weight to bring the centre of gravity of the 
whole system below the point of suspension. Such was the 
form of needle and card afterward in use for some time in 
the royal navy ; and it is still worthy of serious attention, 
how far this kind of suspension may not be improved in its 
application to the light talc 
discs now employed, so as to 
avoid the weight of the brass 
ring. As, for example, in the 
way indicated in the annexed 
fig. 147, in which a ch d re- 
presents a light disc of talc, attached by two fine wires at 
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the extremities of the bar ; c, the point of suspension which 
is beneath the bar ; d, the standard of support. 

It is not unworthy of remark that the Chinese method of 
suspending the compass-needle, already described (122), is 
based on the same principle ; the point of suspension in the 
Chinese compass is invariably below the centre of gravity of 
the needle, the needle being perfectly continuous. The sensi« 
bility and delicacy of these instruments are quite surprising. 
The Dutch employed for several years a conical brass bell 
in the suspension of their compasses, which they attached 
below the centre of the needle, as indicated in the annexed 
fig. 148. All these contrivances, however, became even- 
tually superseded by a simple su£|pension-cap fixed in the 

centre of the needle, as at c, 
Fig. 148. fig. 146 ; but of all the methods 

of suspending the magnetic 
needle, that by means of a silk 
fibre (118) is undoubtedly the 
most delicate although not per* 
haps sufficiently practical for 
sea-going purposes. 
298. Dr. Knight further inquires as to the best material 
for the cap of suspension. The caps at that time in use 
were either made of brass or a hard, mixed metal, similar 
to the metal of a reflecting telescope, or otherwise containing 
a centre of crystal or agate. The first, he says, will only 
admit of a brass point ; the others being costly, he was led 
to try glass ; but upon the whole he concludes that a cap 
centred with agate has the least amount of friction. For a 
point he chose a c6mmon sewing-needle. Of late years the 
centres of the capsof compass-needles have been occasionally 
formed of ruby, and a point employed for their suspension 
formed of native alloy, which is found to be harder than steel.* 
This question is one of much consequence to the working of 

* A valuable practical paper, by Capt. Johnson, E.N., on this sub- 
ject, will be found in the Beports of th& British Association for 1S40« 
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a ship's compass ; tHe great weight of the needles and cards 
at present employed, is very liable to work a hole in the 
agate centres, especially when at all defective in structure; 
and so eventnally destroy its action ; hence it is still very 
doubtful whether a fine and well-hardened point of brass, 
worked to fit a central cap of hard mixed metal, is not after 
all as well adapted for the purpose of a delicate and lasting 
suspension as any which can be devised. Mr. Stebbings, a 
celebrated optician at Southampton, employs ruby for the 
points as well as the caps^ worked to fine globular surfaces 
of contact. 

299. The question of the most favourable conditions in 
the construction of a compass*needle was, in the year 1821, 
further investigated by Capt. Elater, F.B.S., who came to 
the conclusion that the best form was the pierced rhombus 
(fig. 144) ; that hardening the needle tiiroughout was in« 
jurious to its capacity for magnetism, and that the directive 
force depended on the mass, and not on the surface. These 
deductions have not certainly been so satisfactorily con- 
firmed as to entitle them to unlimited confidence ; indeed, 
it is now universally admitted, that a bar of small breadth, 
fig. 145, suspended edgewise, and hardened throughout, as 
practised by Gowan Knight, is after all the best form for 
the needle of the mariner's compass : this kind of needle, 
therefore, is usually employed. 

Captain Kater's conclusion, that the directive force of a 
magnet is dependent on its mass, has yet to be reconciled 
with the fine experiments of Professor Barlow (233)> and 
the more recent inquiries already adverted to (228). 

300. It may be worth while to notice a few conclusions 
arrived at by Michell and some of the old writers on this 
subject. Michell observes that all single unarmed bars 
should have a certain length, in proportion to their weight. 
A bar 6 inches in length, and ^ an inch wide, should weigh 
If ounces. The steel must be free &om veins of iron, and 

» *Phil. Trans.' for 1851. 
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hardened with a full heat, but not with too great a heat ; 
for that is as bad as the other extreme. That is the best 
steel which will receive the greatest hardness with the least 
degree of heat. 

Michell recommends veiy light bars for the purpose of a 
compass-needle, because the friction, he says, increases in a 
much greater ^degree than the magnetic power; he recom- 
mends the caps for such needles to be of gold alloy, the 
alloy in large proportion. He found a long needle with 
this cap to vibrate on an irregular blunt brass point for 
fifteen minutes, whereas, with a common brass cap, and a 
sharp steel point, it would scarcely vibrate at all. 

Mr. Timothy Barlow, in a good practicarwork,* in which 
he treats of the * fashion of the compass-needle,' says that 
the steel must be first hardened to brittle hardness; it 
should be anointed with soap before being put into the fire, 
by which the black will easily scale ofi; The needle is to 
be now placed on a bar of red-hot iron ; when * you shall 
see it turn from white to a yellowish colour, and then to 
blue ; ' now throw it on a table and let it cool ; and * so he 
is of a most excellent temper.' For the form of the needle 
he approves of an open ellipse, but is a great advocate for 
light cards and needles. 

801. Having already considered the questions relating 
to the kind of steel, temper, and methods of magnetizing 
(89) (99), it will not be requisite to enter further upon 
these questions here. We have merely to observe, that in 
the construction of bar-needles for the mariner's compass, 
it has been thought of advantage to employ two or more 
magnetized steel plates, and unite them into a sort of com- 
pound magnet (19, 113). The Rev. Dr. Scoresby, at the 
Bristol meeting of the British Association, in 1836, first 
proposed this method for compass^needles, and insisted on 
the necessity of tempering the plates throughout their 
length. Compound bars of thin steel plates, on Scoresby's 

* * Maguetical Advertisements.' ^London, 1616.) 
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cbnstmction^ have since been employed for the compasses 
of the royal navy. 

302. It was customaiy, above half a century since, to 
apply more than one needle to the same compass-card ; this 
practice has of late years been again revived, with additions 
and improvements, more especially in the compasses of 
H.M.'s ships, in which from three to five needles have been 
employed. GavallD, whose works on electricity, magnetism, 
and other branches of physics, are highly prized in the 
world of science, has in reference to this practice the fol- 
lo^ving remarks : * Compasses for the sea service formerly, 
and some even at present, are made in the following im- 
proper manner: The brass cap is fastened to the middle of a 
circular card, upon which the various points of the horizon, 
as the east, west, &c., are marked. On the under part, 
two pieces of magnetic steel are stuck fast to it, so as to 
be parallel, and to stand about half an inch distant from 
one another, the pin upon which the whole is suspended 
passing between them.* * The object in using more than 
one needle is evidently a greater directive force; this ad- 
vantage, however, as observed by Professor Barlow, cannot 
be obtained without an increase of weight of steel, and as 
a necessary consequence, a greater amount of friction on the 
point of suspension. Unless, therefore, the directive force 
increase in a greater ratio than the loss by friction and wear 
of the centre, little advantage, is obtained. The only fa- 
vourable circumstance is in the case of heavy cards, made 
purposely heavy, in order to steady the motion likely to be 
induced in it by the rolling and pitching of the ship. If 
the card be encumbered by a dead weight, the power of a 
single needle is frequently insufficient to bring it accurately 
into its meridian, and thus the essential quality of the com- 
pass is sacrificed ; now, by employing several bars, we not 
only add to the weight of the card, but we also add directive 
force, and thus in great measure avoid this defect. It will 

* * Treatise on Magnetism,* by Tiberius Cavallo, F.B.S. (London, 1800.) 
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bo foand, however, as we shall preaeutl^ show, that the use 
of more than one bar-needlo aad heavy cards are quite 
onncceBsary ; any method of steadying a compass by me- 
chanical impediment to motion, whether by fiiction on the 
point of suspension, or on any other pointy is evidently 
a hazardous practice. The mariner, deceived by the ap- 
parent steadiness of the compass-card, may find himself in 
peril before he is aware of his danger, the impediment to 
motion being snch as to place the compass in error as to 
direction. 

808. As a great and almost endless variety of forms and 
contrivances for the mariner's compass, with a view to 
its farther improvement, have been proposed, it may not 
perhaps be nndesirahle to advert to some of these inven- 
tions. 

Compass hj Preston and AlexoMder. — The great contri- 
vance universally resorted to for the purpose of meeting 
the difficulties arising &om the pitching and rolling motions 
of the ship, is, as we have already explained (149), the 
method of gimbalds, by which under any inclination, tho 
compass-bowl remains vertical. In Preston's compass, an 
inner and small set of gimbalds are applied also to the 
needle and card, the whole resting by a descending point 
tiponanagatdcentre, asshowninfig. 149. This agate centre 

is farther preserved 
Fig. 149. vertical and steady 1^ 

means of a pendolum 

action, and a ball and 

socket joint, not drawn 
/ in the figure. The in- 

\ terior gimbalds, Ac, 

have been found very 
^— _______ beneficial in preserving 

tho needle and cajd 

steady. 
Mr. Grajit Preston also contrived another kind of com* 



VARIOUS KINDS OF MAEINEU'S COMPASS. 355 

pass, in wHcli tlie needle and card were fixed on a vertical 
axis moveable between two centres, and in 1832 obtained a 
patent for steadying the needle by passing a delicate-pointed 
axis of support throngh a fine hole in a semicircular arc, or 
plate of brass, attached beneath the needle. 

Pop6*8 Compass, — In this compass, two or more bar mag- 
nets are now employed. They are set parallel, and allowed 
to take any degree of inclination of which they are sus- 
ceptible ; each bar being hung on a transverse horizontal 
axis, applied to pivots fixed to slits in the compass card. 
The freedom of motion of the needles in a vertical piano 
may certainly be useftil in high latitudes ; but beyond this 
no advantage is derived from it. This pompass originally 
had only one needle hung in the centre of the card. 

Gompass by Captain Walker, JB.^.— In this compass, a 
double set of suspensions are employed, one over the 
other. First, the card is suspended on a fixed vertical 
axis, passing through a small hole in a plate of brass, 
attached to the under side of the needle, upon Mr. Grant 
Preston's principle, and terminating in the agate cap, 
which is somewhat elevated. This axis of support is fixed 
upon a conical bell of brass, such as formerly employed in 
the Dutch compasses, and shown fig, 148. This bell is 
again suspended on a point and agate centre beneath, as 
represented fig. 150. The object _,. 

contemplated is a steadying of 
the needle by a refinement on 
Preston's patent, and a decrease 
of friction, by allowing motion 
to the point of suspension of 
the needle through the inter- 
vention of the brass bell. The bell, however, may be fixed, 
if found desirable, by means of a wooden cone, which is 
to be placed within it, over the point of suspension. 

The needle may be considered as a sort of combination 
of the flat and bar-edged needles, the latter being nearly 
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divided in the centre, but extending edgewise under the 
flat bar up to its extremities, as indicated in tbe figure. 

Compass-Needle by Captain West, B.N, — The oscillations 
and movement of the needle are checked hy the occasional 
fnction of an ivory ring, through which the vertical axis 
of suspension freely passes. The ring is fixed centrally 
beneath the needle by means of a semicircular arc of light 
brass wire, attached to each of its extremities, as in Preston's 
patent. This contrivance has been found effectual. 

Compass hy Captain BoutaJcoff, of the Imperial Eussian 
^avy.— .The needle is fixed nearly in the line of the dip, 
which can be changed to suii the latitude; the card is 
figured on each surface, and so fitted that, in crossing the 
magnetic equator, it can be turned over with the needle. 
Captain Boutakoff thinks that by this method he avoids at 
least one-half the vibration. 

Benfs Compass, — In this compass four thin, wide mag- 
nets of steel plate are appHed edgewise to the under surface 
of the card, parallel to each other, and the whole is fixed 
on a vertical steel axis, as practised by Preston, but is 
beautifully set up between two jewels as centres, after the 
manner of the balance of a chronometer ; so that very little 
friction arises in the pivots of the axis. The centre of 
graviiyand centre of motion are made to coincide. To 
check any inconvenient oscillation, there is a light steel 
spring : this spring, by a simple lever action, may be pressed 
gently against the axis of the compass. 

Stebhing^s Compass, — ^The needle and card are suspended 
on a ruby point and agate centre, which are carefully worked 
to extremely fine spherical and corresponding surfaces of 
contact, so as to avoid all abrasive action ; the compass-fly 
is of silk, secured in a light circular frame of brass attached 
to the needle ; the whole is enclosed in a glass bowl, and is 
perfectly transparent. This compass is usually fitted in the 
deck, so as to be illuminated at night by the lights in the 
cabin beneath.^ 
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Submerged Oompass, — ^Abont the year 1779, Dr. Ingen- 
houz made some experiments on a magnetic needle immersed 
in water. He found that the water, by its resistance as a 
medium, tended to steady the needle, without diminishing 
in any sensible degree the directive force. This led him to 
think of enclosing the needle for sea purposes in some fluid ; 
a proposition which, although deserving much considera- 
tion, was not at the time adopted. It has, however, since 
been partially resorted to, and some instruments of this 
kind by Crowe and Preston have answered extremely well. 
The compass-bowl or kettle (147) being fitted water-tight, 
is filled with oil or spirit, or some fluid compatible with the 
durability of the compass. This instrument is occasionally 
employed in the Royal Navy, and is found especially useful 
in boats when subjected to a short jerking motion. 

804. Admiralty Compass. — The admitted defects in the 
compasses formerly supplied by contract, by the lowest 
tender, for the use of the Royal Navy, induced the Board of 
Admiralty, in the year 1820, to appoint Professor Barlow to 
examine the compasses then in store. Mr. Barlow found 
these instruments so defective that, as already observed, he 
states, in his report, ^ at least one-half were mere lumber.' 
Very little amelioration, however, in this state of things 
appears to have taken place until 1888 to 1840, when the 
board appointed a committee for further inquiry. One of the 
results of the investigations by this committee has been the 
production of a compass called ^ar excellence *the Admiralty 
Compass.' In this compass four of Scoresby's compound 
magnetic bars are employed, secured together with the card 
within a light ring of brass; the card is of mica, covered with 
thin paper, the impression of the cardinal points, &c., being 
struck oS subsequently to its being cemented to the surface 
of the talc, so as to avoid all distortion of the surface by 
shrinking; the caps are of agate or ruby, worked to the 
shape of the points of suspension, which are of native 
alloy. Spare points of steel are also supplied ; these are 
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gildod by the electrotype process. The compass-bowl is 
made of copper, with a view to tranquillize the oscillations 
of the needle, after a form of compass previously submitted 
to the committee by the author of this work. The principle, 
however, as thus employed, is very ineflB.cient, the great 
condition being the application of a dense ring of copper 
immediately round the poles of the needle. Each compass 
is famished with two spare cards, a light and a heavy 
card, and six spare pivots. When the light card is not 
sufficiently steady, then the heavy card is directed to be 
employed, together yrith the particular pivot-point espe- 
cially appropriated to its use; the card is levelled by 
balance slide-pieces, as in the compass previously submitted 
by the author for the consideration of the committee. 

This compass, although not possessing any superior 
excellence as a steering compass, having, with a sensible 
suspension, proved very unsteady at sea,* is nevertheless 
carefully and beautifully constmcted, especially in its adap- 
tation to the purposes of an azimuth compass, into which 
form of compass (150) it is convertible. In this case the 
instrument is placed on a stand, the glass cover removed, 
and the azimuth circle fixed on its upper margin. The 
arrangement is such that the sight-vane and prism (150) 
can be turned without interfering with the other parts of 
the instrument, as will be hereafter explained. The bottom 
of the compass-case also can be removed so as to light the 
card from beneath. 

305. Upon a review of nearly all the several forms of 
mariner's compass to which we have just adverted, it is 
evident that the simplicity of construction requisite to 
every sea-going instrument has been materially compro- 
mised, all the contrivances are more or less complicated, and, 

* See a valuable work by Capt. Johnson, F.R.S., Capt. E.N., * On the 
Deviations of the Compass/ p. 51, published under the sanction of the 
Lords Commissioners of the Admiralty ; as also reports from H.M.'8 
ship * Asia,* and some other vessels. 
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I as a necessary consequence, more or less costly. That would 

be the great perfection of the mariner's compass which 
shonld combine steadiness, nnder the variable motions of 
the ship, with great sensibility and simplicity of construc- 
tion, so that in case of any mishap or error arising from the 
wear and tear of the respective parts, there may be nothing 
to correct, which any ordinaiy mechanic, or, if in the navy, 
which the ship's armourer, could not easily manage. Un- 
less, therefore, it can be shown that such complex arrange- 
ments are absolutely requisite, they are best avoided. No 
sufficient reason, for example, can be assigned for the 
employment of from three to five compound magnetic bars 
of costly and difficult construction; supposing it were 
proved, from the evidence of experience, as well as theore- 
tically, that a single and simple bar-edged needle is even 
more than adequate to any required practical purpose. 
Besides this, there are some not unreasonable objections to 
the use of several bar-needles ; the similar poles, for ex- 
ample, tend to destroy each other's power (111) ; and if the 
magnets be not very accurately parallel, and carefdlly 
magnetized and placed, the card maybe in error as to 
direction; to avoid this, it is requisite to suit the card to 
the direction afker the needles are applied. 

We may further observe that it would be unphilosophical 
to employ two cards of unequal weight, with especial pivots 
adapted to each card, and with a view to particular adjust- 
ments under motion, and to the obtaining a steady compass 
by the aid of friction, provided all the advantages to be 
derived from, such adjustments could be arrived at with 
one card, and by more simple and efficient means ; it would 
also be quite superfluous to mount a compass on two con- 
secutive pivots, as in Fig. 150, when one point of suspension 
is sufficient. Such arrangements, therefore, however in- 
genious, are not desirable, unless absolfitely requisite to the 
perfection of the instrument. It is to be remembered that^ 
in the construction of the mariner's compass, the abstract 
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per(l>ction we seek to obtain is tlie image of a small 
horizontal circle duly graduated, and divided into thirty- 
two rhumbs or points, which, floating as it were in a fixed 
position in space before the eye of the steersman, directs 
the guidance of his ship. It is, in fact, the ship which we 
must suppose to move intovariouspositions, notthe compass; 
that should be so deHcately and sensibly hung as to come 
as near the condition of this ideal aerial compass as may be« 

306. Marin€r*8 Gomjpaas by the Author, — Impressed with 
these views, the author of this work was, in the year 1831, 
led to the construction of a particular form of mariner's 
compass, combining simplicity of construction with great 
sensibility and stability. The following is a brief notice of 
this instrument, as constructed by Messrs. Lilley, opticianS| 
Limehouse:— > 

The needle consists of a light bar-edged magnet, fix)ni 
5 to 7 inches in length, furnished with a central cap, as 
in fig. 146. The bar is carefully worked, hardened and 
tempered throughout ; and, previously to being magnetized, 
is accurately poised in a horizontal position (156).* Being 
thus poised, two small sliders of silver, weighing each about 
twenty grains, are fitted to the bar, so as to move upon it with 
friction. They are placed over a mark midway between its 
centre and extremities, the whole being perfectly poised ; 
the bar is now rendered magnetic, and in such a manner 
as to admit of the centre of the various magnetic curves 
(28) falling immediately on the point of suspension. The 
small magnetic dip incidental to the bar, is corrected by 
moving one of the silver sliders a little toward the centre, and 
the opposite slider a little toward the extremity. By this 
method, we have always what may be considered as the same 
quantity of magnetism, matter, and motion on each side the 
centre, since the difference in the angular inertia of the silver 

* This instrument has become the property of Messrs. Lilley & Son 
opticians, West-India Docks, and is made with great care and perfection 
in the workmanship. 
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sliders is sufficiently small to be neglected ; the bar, there- 
fore, is so far deprived of any tendency to persevere in a state 
of movement from the motion of the ship. The magnetic 
force of this bar-needle, from the particular way in which 
it is made, is so considerable as to lift at either pole three 
times its own weight of iron, and will produce, according to 
Scoresby*8 method of deflections (134), a deviation of 22° at 
a distance of twice its length from the centre of the trial- 
needle. These bar-needles are nevertheless very light. 

The needle as thus constructed is attached to a very 
light disc of talc, in a single piece, and on which the requi- 
site points and graduations are conspicuously and clearly 
painted ; by which means the presence of a paper surface 
is avoided. The whole is balanced in an cast and west 
direction, that is, transversely to the direction of the needle 
by a light cross-bar of brass, furnished with small sliders, in 
the way just described. 

Things being thus arranged, the needle is suspended upon 
acentral point, c, fig. 161, ^^^^ 

proceeding from a double ^ — v -'-., 

curved bar anh, fixed ^!]l]!j|ffl!Rlf.".'" "^ '" ZZl^ 

as a diameter to a dense IjJHR:^^* a jr^^^^=^lllllk ^ 
ring of copper ach d, "^'l&^^^^^f^^^^ii^^iio^ 
and in such way as to j Wii^^^^g&ii^^^!^^ 
admit of the poles of I V ^ — iiS-^'y 
the magnetic needle a h v ^*55==^ n ^^^tac^st^ , 

moving just within the ****^'-*-.— ....^^..^•••^'''^ 

ring, and so near the 

copper that the magneto-electrical action already explained 
(58, 60, 63) can sensibly restrain any oscillation to which 
the needle may become exposed. We thus bring to bear 
upon the needle an invisible agency, which, without offering 
any rude, common, mechanical impediment to motion, such 
as friction, or in the least degree interfering with the sensi- 
bility or direction of the instrument, restrains as if by a 
magic hand its disturbed movement, and confines it, like 
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the ideal card to which we have adverted, in a given posi- 
tion in space. 

807. The author has investigated* the magnetic condi- 
tions of this phenomenon, and has shown that the restrain- 
ng force with a magnet of a given power is as the quantity 
of the copper within the sphere of action directly, and as 
the square of the distances from the magnetic polar ex- 
tremity of the needle inversely (174, 175), the matter of the 
copper being supposed to be condensed into an indefinitely 
thin stratum, and taken at a mean distance &om the pole 
of the bar at which the sum of the forces may be supposed 
to produce the same effect as if exerted from every part of 
the mass. The energy of a ring of copper in restraining 
the magnetic oscillation is therefore as its density. It was 
also farther found that with a given magnetic tension the 
restraining power of the copper no longer sensibly increlised 
with the thickness of the ring, and that hence the required 
thickness was different for different needles. It is requisite, 
therefore, to have the poles of the bar as near as possible to 
the surface of the ring ; to give the copper the greatest 
possible density, accumulate it unmediately about the poles 
of the needle, and give the ring a greater or less degree of 
thickness sufficient to exhaust, as it were, the magneto-elec- 
trical energy of the magnet to be employed. 

The ring and axis of suspension are accurately turned and 
centred in a lathe ; the axis of support c, fig. 152, is pointed 
at each extremity, and admits of being l*eversed in position 
by turning it over, and fixing it in the reverted direction ; 
we have hence a spare point always at command. The cap, 
also, can he renewed when requisite. The points and centres 
are usually made of very hard mixed metal, which has been 
found less liable to abrasion than agate and steel points. 

Things being thus prepared, the whole is placed within a 
cylindrical copper case, faced above and below with plate- 

* ' Phil. Trans.' for 1831, p. 497. 
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Fig. 162 



glass covers. As indicated in the last figure, the whole is 
hung in gimbalds, in the nsaal way (148). 

308. The card being beautifally transparent, a small 
quantity of light placed beneath, and a little on one side of 
the compass, is sufficient to illuminate it at night. With 
this view, it is intended either to fit the compass in the deck, 
and light it &om the cabins beneath, or otherwise in a 
binnacle of a very simple construction, shown in the annexed 
fig. 152, especially adapted to its 
nse. This binnacle is of wood, and 
of an octagonal or cylindrical form, 
about two feet six inches high, the 
compass being hung on its upper 
part, at c. About tweniy inches 
beneath the compass, there is a plat- 
form d, carrying two small spring 
candle-lamps, a, h, hung on pivots in 
holes in the platform, one on each 
side ; one of these is sufficient for 
the purpose of illumination. The 
candles are easily replaced without 
disturbing the apparatus, they being 
previously secured in spare spring 
sockets, made to drop freely into the 
body of the lamp, which need not 
be taken out. There are some 
small holes round the compass at c, 
for ventilation, and a small door below, through which 
the requisite manipulations are easily carried on. This 
method of illumination is extremely economical, clean, 
and efficient, and requires no trimming or attention. It 
is far superior to the common method with oil-lamps, 
which occasionally proves very troublesome, diriy, and in- 
convenient. 

309. When the card and needle are not in actual use, 
they are to bo secured, in a soft iron keeper (10), as indi- 

B 2 
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cated in tlie annexed fig. 153, which represents the needle 

as resting in slits cnt for its 
reception in two masses of 
soft iron, formed at the ex- 
tremities of a sofb iron bar 
a h ; this keeper is fixed in 
a shallow square box, with 
a slide cover. It is most important to the mariner to attend 
to the preservation of his compass in some such way as this. 
The instrument, as usually stowed in the store-rooms on ship- 
board, is very liable to be ruined in various ways, and its 
polarity either greatly weakened or altogether destroyed 
(153). If the north pole of the needle be merely placed in 
opposition to its natural direction, and toward the south 
pole of the earth, that alone is sufficient to disturb and 
weaken its magnetic development (14, 101). 

310. It not being the author's object to dwell longer on 
this particular form of ^ea-compass than is requisite to the 
interests of navigation and scientific inquiry, any lengthened 
report of its operation, as observed in numerous instances, 
must necessarily be avoided: we may, however, observe 
that it has been extensively and very successfully em- 
ployed in the merchant navy ; it has been also employed 
in the fleets of the Honourable the East-India Company, 
in numerous ships of foreign powers, and in several of Her 
Majesty's ships ; and it appears, upon the whole evidence o{ 
experience in every class and kind of vessel, that there is no 
condition requisite to the full practical perfection of the 
mariner's compass which it does not satisfy ; and considering 
the extreme perfection and beauty of the workmanship by 
the makers, its cost is comparatively «mall, it being about haif 
that of the Admiralty compass as commonly supplied to tho 
ships of the navy. In the heavy seas about Cape Horn and 
the Cape of Good Hope, the card was not found to oscillate 
more than from J to ^ a point each way. The only com- 
plaint which have arisen, in a few instances, have been 
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referable to abrasion of tbe agate centre in some of tho 
inBtrumentB first made, arising from wear and tear of the 
point of suspension. The agates, in these cases, were 
examined, and found defective ; all sach defects have been 
since removed. It ma; not be unworthy of remark that 
this compass has proved especially steady in st«am-ships 
fitted with the screw propeller. 

311. The application of magneto-electric action aa a 
means of steadying the compass in its meridian is of sin- 
gnlar importance to the azimuth compass (ISO), where 
angular distances rei^uire to be accurately measured. An 
improved azimuth compass, by Messrs. Lilley, has been 
produced, in whicb the tieedle, nailed, as it were, to its 
meridian by the influence of a dense ring of copper, may be 
considered as being without any oscillation. In this instm- 
meut tbe margin of the card is graduated to twenty minutes ; 
the plate-glass cover contains a metal centre; about this 
centre the pivot of the upper part of the verge, carrying the 
aight-vane and priam (150), revolves, leaving the compass- 
bowl and its contents fixed, as in the azimuth compass of 
tho Admiralty committee ; w tKA. 

all this part of the instru- 



ment, therefore, remains 

un^ected: this is of tho 

utmost importance, espeoi- 

ally in iron ships. The 

Inbber-line in this instm- 

ment, aa constracted by 

Messrs. Lilley, is set on 

a delicate index, which acts 

as a stop when tho reading is being taken, and is always 

directed to the ship's head. In the annexed fig. 15i, m n 

represents the- revolving part of tho vei^e, which can bo 

tamed about the centre c fised in the glass plate beneath ; 

A, the body of the instrument, remaining fixed. 

312, It may not be unimportant, before dismissing the 
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consideration of magneto-electricity as a restraining forco 
in the distnrbed moyement of the compass on ship-board, 
briefly to notice a conclusion arrived at by the compass com- 
mittee of the Admiralty relative to the operation of this 
force, the question being one of singular importance to the 
future interests of navigation. The author had, six years 
previously to the appointment of the committee in 1837, 
completely worked out all the great practical deductions 
bearing on the application of magneto-electrical action in 
steadying the movements of the mariner's compass, and 
had shown how the magnetism of the needle itself might be 
made the means of restraining its own oscillations. The 
questions of thickness of metal, density, and magnetic force 
had all been completely investigated by taking the magnetic 
vibrations within thin concentric circular laminsB of copper 
turned up in the form of rings.* It was easy to determine 
with a given magnet, and by means of the formula pre- 
viously deduced (^6), the precise effect of any one of the 
concentric rings, both as to position and distance, or of 
any number of rings combined, or, by varying the mag- 
netic force, the effect due to different degrees of magnetic 
power; in this way, it was proved that the magneto- 
dectric energy, or restraining force, was as the magnetic 
intensity directly, and as the second powers of the cfistances 
inversely. The experimentalists of the compass committee, 
however, not having probably considered these facts, were 
led, upon an examination of the compass submitted by the 
author, to try the influence of a soHd copper bowl, of a 
given thickness, on the magnetic oscillations, and then to 
cut away or turn down the bowl -^ of an inch at a time, so 
as repeatedly to reduce its substance ; examining as re- 
peatedly the magnetic oscillation at each reduction. The 
conclusion arrived at by the committee was, that a thin 
bowl of copper was as efficacious in restraining the magnetic 
vibration as a thick bowl ; and that hence, if the magnetic 

» See 'Phil. Trans.' for 1831, p. 497. 
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needle and card were enclosed in a copper compass-kettle 
the use of a copper ring condensed abont the poles of the 
needle, as employed by the author, would be superseded. 
Upon this very hasty conclusion the committee proceeded to 
act in the construction of the Admiralty compass. With 
respect to the experiment itself, it was anything but re- 
fined : perhaps it may be considered as somewhat clumsy 
when compared with the method of concentric laminea; for 
the force decreasing as the second powers of the distances 
inverselyi it was, after all, not likely that any great effect 
would result from the distant parts of the bowl; the induced 
restraining force would be almost entirely, if not altogether, 
confined to that part of the copper bowl immediately opposed 
to the poles of the needle : the experiment, therefore, was 
most unnecessarily elaborate and costly. It is certainly 
possible that a magnet of a limited power, with its poles 
placed at a certain distance &om the copper, might have all 
its magneto-electrical induction exhausted, as it were, by 
a certain thickness of copper, as the author had already 
shown. This, however, was only a limited or particular 
case of a great physical action, but which the committee 
failed to investigate in all its generality. Had the experi* 
mentalists tried other magnets, and allowed their poles to 
oscillate near the surface of the copper, they would not have 
come to the same conclusion. 

The experimentalists, however, had great confidence in 
their deduction; but they evidently failed in producing any 
amount of tranquillizing power ; since, by the extract from 
the work published under the sanction of the Board of 
Admiralty, already referred to (304), as also from various 
official reports, the compass proved * too unsteady for use 
under the heavy rolling motions of a ship of the line,' also 
in * some steam-vessels ;' it hence became requisite to call 
in the aid of friction by the employment of a heavy card, in 
order to curb the irregular movements.* The experiment, 
* Johnson on the ' Deviation of the Compass/ p. 41. 
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therefore, by the compass committee was incomplete, and 
the dedaction from it practically false : to obtain anything 
like a competent tranqmlKzing power, it is absolntely requi- 
site to employ a powerful bar, and place the copper in a 
thick dense ring, immediately about the poles of the needle. 
It is, in fact, notorious to all those acquainted with the 
Admiralty compass, that little or no efTect is produced by 
the influence of the thin copper bowl on the oscillations of 
the card. This subject is undoubtedly important, and is 
BtiU open to much further and beneficial investigation. 
The most energetic metal has yet probably to be discovered. 
813. The Compass and Magnetic Observatory. — Much 
benefit did undoubtedly arise to the public service by the 
appointment and labours of the committee of inquiry into 
the state of the compass department of the navy, more 
especially in the establishment of a regular and well-ordered 
observatory at Woolwich, for examining and perfecting the 
compasses intended to be employed in BT.M/s ships ; and it 
is to be regretted that a full report of the committee's pro- 
ceedings has never appeared. The observatory is placed in a 
suitable and well-selected position in the parish of Charlton, 
near Woolwich ; it has a convenient room, built of wood, apao^t 
from the rest of the establishment, especially prepared for 
experiments in magnetism and the examination of sea-com- 
passes, to which it is devoted. The method of testing a 
compass is as follows: — Three pedestals, s,c,N, fig. 155, are 
firmly fixed in the room, quite independent of the floor, in the 
line of the magnetic meridian. The south pedestal s carries 
a suspended magnet, which is observed by means of a transit 
telescope fixed on the centre pedestal c ; on the pedestal N 
is placed the compass to be examined. The collimating 
magnet s consists of a hollow steel cylinder, ^ an inch in 
diameter, and about 6 inches in length, centrally suspended 
in an appropriate frame by a long silk fibre : a small lens is 
fixed in the north end of the cylinder, and there is an ex- 
tremely fine scale of 1 60 divisions traversing it horizontally, 
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and right across its centre. The transit on the central pilar c 
being duly adjusted and directed in the axis of the coUi- 
inating magnet, its scale is observed to vibrato across fine 
filaments of spider's web, fixed perpendicularly in the tube 



Fig. 165. 
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of the telescope. . The magnetic meridian being found by 
this means, the transit is turned over, and directed toward 
the north, upon a mark painted on a distant wall on a 
rising ground, called Cox Mount; this mark corresponds to 
the line of the collimating magnet on pedestal s ; we thus 
transfer over, as it were, the line of the magnetic meridian 
as taken in the telescope upon the compass to be examined, 
and which is placed on the pedestal N. The needle and 
card being removed, the compass is so adjusted in position, 
by appropriate apparatus on which it rests, as to bring the 
point of suspension of the needle in the line of the tele- 
scope, and so as to bisect it; this done, the card is replaced, 
and its north pole is made also to coincide with the line of 
the telescope. 

For the adjustment of the azimuth compasses there are 
a set of graduated divisions painted on the distant wall, 
and the vertical line of the telescope conveyed through 
the window so as to cut these divisions; the prism is 
now adjusted for the zero point of the card, the hair-line 

of the sight- vane ( 160) being directed to the particular 

b3 
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division on the wall cut by the vertical line of the tele- 
Boope.* 

The pivots, caps, and gimbalds, and the metal of the 
compass-bowl, &c. are now carefdlly examined; also the 
magnetic power of the needles, which are tested by a 
standard magnetometer of deviation (134) ; so that errors 
liable to arise in any particular instrument are certain to be 
detected. Attached to the Observatory is a museum, con- 
taining a collection of sea-compasses of various kinds, and 
also other magnetic instruments. 

314. The card of the mariner'i3 compass is commonly 
estimated in terms of 32 points or rhumbs ;t it has, how- 
ever, been found desirable for more refined purposes to 
estimate the angular deviation from the line of the magnetic 
meridian in degrees and minutes, taken in reference either 
to the north or south pole of the card ; thus, instead of 
the rhumb N.E., we say N. 45** E. ; instead of S.S.W., we 
say S. 22® 30' W., and so on. The following, as a table of 
reference, may not be altogether superflous. 
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Points 
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It is easy to observe here, from the north or south line, 
or 0® 0', either in the upper or under line of the table, the 



* Two of the plates of glass in the window are worked perfectly plain, 
so that no error may arise in this operation. 

t The reader is requested to correct the following errors of the press 
in the table given p. 133, Parts I. and II. line 4, under E. read S.E. by 
E. ; line 8, under S. read S.S.W. ; line 4, under S. read S.W. by S. 
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degrees corresponding to any rlinmb taken either east or 
west of the meridian. Thus we have for the rhumb E. by S. 
the expression S. 78° 45' E. ; for the rhumb W.N.W. we 
have the expression N. 67"^ 30' W. 

It has been further found convenient, in some especial 
instances, to take the angular measure from the north 
point only, all round the circle and in an east direction. 
Thus we should have for S.S.W. the expression N. 202** 30', 
for N. by W. we have N. 348° 45' ; it is farther evident that 
we may represent in this way the position of any rhumb 
from either of the cardinal points N., B., S., W., taken as 
0° 0' in each quadrant. Thus we may represent E.N.E. as 
E. 22° 30' northerly, taking E. as 0° 0'. The method, how- 
ever, represented in the table just given is that commonly 
employed. 

315. Local Attraction, — "By the term local attraction, a3 
applied to a ship, we are to understand a certain distur-* 
banco of the compass under the influence of the general 
mass of the vessel considered magnetically, in virtue of the 
iron which it contains. The amount of disturbance will 
materially depend on the direction of the ship's head in 
respect to the needle, by which the ship's position as a 
magnet is varied (191). It is now but too certain that 
errors of the compass thus produced have led to afflicting 
cases of shipwreck. We owe the first intelligible notice of 
the local attraction of a ship to Mr. Wales, P.R.S., who 
accompanied Captain Cook as the astronomer of his expe- 
ditions in 1772-3-4. Mr. Wales observed, in the English 
Channel, differences in the azimuth compass of 19° to 25°, 
and afterward similar discrepancies all the way from 
England to the Cape. The greatest westerly deviations 
occurred when the ship's head was between N. and E, 
He was hence led to express his conviction, * that varia- 
tions of the compass (149), observed with the ship's 
head in different positions, and even in different parts of 
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the ship, will differ materially/* This was certainly the 
first cotice of local attraction scientifically observed, and 
must not be confoimded with notices of the common action 
of iron on the compass mentioned by earlier navigators.t 

316. In the year 1790, Mr. Downie, master of H.M.'s 
ship * Glory,' made an interesting report on this subject^ in 
which he observes, * that in all latitudes, at any distance 
from the magnetic equator, the upper ends of ifon bolts 
acquire an opposite polarity to that of the latitude ' — ^an 
observation in accordance with Marcel's experiment in 1772 
(101) ; so that by induction they may attract or repel the 
north end of the needle, according as the ship is on the 
north or south side of the equator, thereby causing serious 
errors in the compass. Admiral Murray and Captain 
Penrose, whilst cruising pff the Nap of Norway, observed a 
point difference in the direction of the compass when the 
ship's head was turned toward or from the land.;]: 

In 1801 and 1802, this important inquiry received fresb 
impulse from Captain Flinders, who, in the course of his 
voyage of survey to New Holland, also observed differences 
in the magnetic needle, when no other cause was apparent 
than that of a difference of direction in the ship's head. 
When the ship's head was north or south, the needle was 
not infiuenced; but when east or west, the difference in the 
direction of the compass was considerable. Captain Flin- 
ders conceives the magnetic force of the ship's iron to be 
concentrated into something like a focal point, nearly in 
the centre of the ship, having the polarity of the hemisphere 
in which the ship is placed. § 

These important facts were, however, again lost sight of, 
until Mr. Bains, master R.N., pubh'shed in 1817 a valuable 
little treatise on the variation of the compass ; soon after 

• Wales's and Bayly's * Obserrations on Cook's Voyages,' p. 49. 
t Sturm's « Mariner's Magazine,' published 1684. Dampier, 1680. 
t Walker on 'Magnetism.' London, 1794. 
< 'Phil. Trans.' fop 1806. 
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which, in 1819, Professor Barlow undertook his capital 
course of experiments, with a view of computing and 
correcting this source of error. The question of local 
attraction since 'this period has received abundant and 
important verification from tbe labours of our celebrated 
navigators, Ross, Scoresby, Parry, Franklin, Eitzroy, King, 
and many others. 

317. The errors liable to arise in the reckoning of a ship's 
course may, from the local attraction of the ship, be of 
very serious amount. Let, for example, a, fig. 156, be a 
vessel close-hauled upon the larboard tack, the wind being 




true north in the direction n c* Then, since she sails 



* In all square sails set upon a cross-yard, Fig. I66a, 

pointed to the wind, as represented in the 
annexed fig. 156a, the rope tf which confines 
the angle of the foot of the sail to windward, 
is called the tack ; and the rope s, which holds 
in the opposite angle to leeward, is called the 
sheet; these terms apply to either rope, ac- 
cording as they become placed on the one side 
or the other in respect of the wind. When the right-hand extremity b 
of the yard, as ooking forward from the storn, is pointed to the wind, 
the veiFsel is said to have the right hand of starboard tacks on board, 
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within six points of the wind, her head will he true E.TT.E., 
80 that her coarse, ^thont any other consideration, would 
be upon the line c c. Supposing, however, that with the 
ship's head in this direction the local attraction causes the 
north pole H of the compass to deviate half a point west, 
and come into the line n c, then the true direction E.N.E. 
will read on the card as E.N.E.^B., for the E. point will 
then come up half a point, and the card will be canted into 
the position nce. In laying off the course, therefore, on 
a chart, for the ship's place, she would be reckoned as 
sailing on the line o m ; and instead of having after a given 
time arrived at the point c, she would be set down as being, 
say, at m. Suppose the vessel be now put on the opposite 
or starboard tack ; then, being again trimmed within six 
points of the wind, her head would be really W.N.W», and 
she sails on the line c jp. Suppose, however, that in this 
direction of the ship's head, the local attraction now turns 
the compass-needle half a point the other way, that is, 
eastward, which it may, and the card is canted into posi- 
tion new, then the true direction W.N.W. would read on 
the card W.N.W.^W., since the west point would come 
up in a point;* and she would, in keeping the reckoning 
by compass, be taken as sailing in direction c t ; which, laid 
off from the point w, where the ship was supposed to have 
been tacked, would make her supposed course m g ; so that, 
lifter a second given period of time, the rate of sailing 



or to be on the starboard tack ; when the opposite or left extremity a is 
pointed to the wind, she is said to have the left-hand or larboard tacks 
on board, or to be on the larboard tack, now called the port tack. The 
angle which the axial line of the ship makes with the direction of the 
wind, so that the yard, when trimmed to the wind, may canse the sail 
to remain full and without shake, and propel the ship, is reckoned in 
points of the compass, and thus a square-rigged vessel is said to be 
close-hauled when the axial line of the ship is brought within 6 points 
of the wind. Cutters with fore and aft sails may be made to sail 
within 4J points of the wind, and even less. 
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being observed, she would be supposed to Have arrived at 
some point q, whereas she would actually be at some point 
much further northward — ^for example, at some point p. 
Now, if so great a difference may arise upon a compara- 
tively small difference of half a point of the compass, how 
great must bo the error when the deviation becomes four 
times that amount ! It is therefore not at all surprising 
that very melancholy cases of shipwreck should have so 
frequently arisen, without any apparent neglect on the 
part of the officers of the ship. On the 26th of March, 
1803, H.M.'s ship * Apollo,' with a convoy of seventy mer- 
chant vessels, sailed out of Cork, and at 3 a.h. on the 2nd 
of April following, the frigate and forty sail of the convoy 
found themselves on shore on the coast of Portugal, 
believing at the time they were 180 miles westward of it. 
The consequence was a most afflicting shipwreck. Another 
most remarkable instance is to be found in the wreck of 
H.M.'s frigate * Thetis,' which sailed from Rio the 4th of 
December, 1830, having on board a million of dollars. The 
ship's head being south-east by compass, they stood on 
until the next morning, thinking themselves clear of the 
land ; and the wind coming free, they tacked, and set 
studding-sails. All at once, after a favourable run, they 
found the ship against the perpendicular cliff of Cape Frio, 
the ship running at nine knots. She went stem on to the 
rock in deep water ; of course the bowsprit and all the 
masts were carried overboard, and the ship became a total 
wreck. 

318. The greatest amount of disturbance hitherto ob- 
served in vessels built of wood does not appear in certain 
positions to have far exceeded 20°, or about two points — 
still a very serious error in the course of a ship. In iron 
vessels, however, the disturbance may be so great as to 
render the compass next to useless. In the steam-ship 
• Shanghai,'* driven by a screw propeller, the deviation, 
* Belonging to the FeniDSular and Oriental Company, 
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with the ship's head south, as ohserved by Lilley, amoimted 
in the binnacle compass to l?!** 34/ W., being more than 
fifteen points. 

It is very difficult to determine all the different arrange- 
ments in polarity incidental to the iron of a ship, especially 
in ships of war and iron-built ships, since every piece of 
iron in the ship may became magnetic by induction (191), 
the poles varying as the ship turns into new directions, and 
changing altogether with the latitude north or south of the 
equator. The disturbing effect on the compass also will be 
different under different angles of inclination, as was com- 
pletely shown by Captain Walker, R-N., in a valuable set 
of experiments on the * Recruit,' an iron brig. We have 
hence a very intricate problem to solve. Fig. 157 re- 




presents the distortion of the compass in the * Indus' — ^that is 
to say, the direction of the points requisite to a true course. 
In this figure the position of the regular points is indicated 
on the outer circle. ' 



METHOD OF DETBRUINIKG LOCAL ATTBACTION. 



377 




819. Ifeth ' determining the Effect of Local Attrac* 
tion. — To ascertain the dis- ^jg-^ 1^8. 

turbing e£Pect of local attrac- 
tion on the compass, the ship 
mnst be placed in smooth 
water in a slack tide, or in a 
basin, and must be so cir- 
cnmstanced as to admit of 
being gradually swung and 
secured in any direction on 
the 32 points of the com- 
pass by means of warps 
mooring-buoys, or anchors, 
as indicated in the annexed 
fig. 158. The vessel being 
thus circumstanced, a very 
distant object, p, is to be selected, and its bearing taken 
from a convenient station, T, on shore, not liable to any 
magnetic disturbance. This bearing should be taken with 
a fine azimuth compass, to be employed as a standard 
compass of observation, and fixed in a given place on 
board the ship. Suppose the bearing of the distant object 
p at the station t were N. 35® B. : having determined this, 
we substitute for the compass a theodolite, or the azimuth 
circle, and adjust it so that the distant object shall read off 
exactly the same bearing, N. 35° E. The compass is now 
l^ansferred to the ship, and set upon a firm pillar, in the 
midship line of the quarter-deck, say at the point c : an 
observer now takes the bearing of the pillar t on shore, at 
the same instant that an observer at t on shore takes the 
bearing of the pillar c on board, which is done by signal. 
If the ship does not influence the compass, then it is clear 
that these reverse bearings will coincide in the same line 
Thus, if the pillar t bore due east from the ship, the pillar 
C would be due west from the shore. If this coincidence 
be not obtained, the diflerence is the local attraction of the 
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ship. If, for example, whilst tlie pillar c on board bore 
due west from tbe shore, the piDar T bore firom the ship 
east J north— that is, E. 5° 37' 30''N*.— then the local attrac- 
tion of the ship, directed in the position in which she 
happened to be placed, would have been such as to have 
drawn the north pole of the needle 6° 37' 30" towards the 
east, and this would be the local attraction for that posi- 
tion of the ship. In this way, by bringing the ship's head 
successively upon each of the 32 rhumbs, and taking what 
are called cross-bearings, we determine the local attraction 
or disturbance of the compass for each point of direction. 
This was the method first pursued by Professor Barlow, 
and it is perhaps as perfect as any. 

320. The present method pursued in determining the 
local attraction of H.M.*s ships is somewhat different from 
this. The bearing of some very distant object, d, fig. 158, 
is first determined by the standard compass c from the 
ship's deck, and for the ship's head directed upon each 
point of the compass ; the compass is now taken on shore 
to some convenient spot rif and the same distant point d 
brought to coincide with the observer's eye and the pillar c, 
from which this bearing was taken on board, the ship 
being again swung successively upon the 32 points of the 
compass. If the ship had not disturbed the compass, the 
bearings should coincide in the line nod; if not, the 
difference upon each point is the local attraction. If the 
object d be very distant, the bearings may be simply taken 
from the two stations c and n, without including the ship, 
and the difference set down as the local attraction without 
any sensible error. 

321. Mr. R. Stebbing, of Southampton, has lately in- 
vented an extremely available and very valuE^ble method of 
determining the local attraction of a ship, by which much 
labour is avoided, and time saved. A centre-staff, T, fig. 
158, with a flag on it, is set up on some chosen place on 
shore, and a segment, h, of the magnetic circle, h, of about 
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100 feet radius, described from this point as a centre ; long 
poles are then set up on this segment at each 5°, and other 
intermediate shorter poles on each single degree. The line 
T N of the magnetic meridian being carefully determined, 
the true bearing of the centre-staff t, and its intersection 
with either of the poles of the segment h, are given ; with 
a view to an easy distinction, the poles are either coloured 
differently or carry small distinguishing flags. The ob- 
server on board at C has now only to take notice what 
' degree the centre-staff t cuts upon the circle h beyond it, 
and that is the true bearing ; the difference as observed by 
the compass is the local attraction. 

322. Means of Correcting Local Aitraciion, — The means 
of correcting the compass for local attraction, at present 
resorted to, are of the following kind : — 1, By determining 
a table of errors. 2. By a compass-card distorted so as to 
suit the particular ship (318). 3. By the introduction of 
new forces of disturbance, such as will either make known 
or compensate the disturbing force of the ship. 

32S. Correction by a Table of Errors, — This method of 
correction is evidently the first, as it is perhaps the safest, 
measure we can adopt, and is in all cases indispensable. 
The ship being swung in the way just described (319), the 
deviations corresponding to the direction of the ship's head 
are entered in colunms of a table opposite each point of the 
compass, and the correction in steering a particular course 
applied. Suppose we required to make good a due B.N.E. 
course, and that, with the ship's head in that direction, the 
table informs us that the north pole of the needle is drawn 
by tljie local attraction of the ship 5° 37' toward the west, 
our course then must be E.N.E. J E. nearly, for that would 
in fact be the direction shown by the card when the ship's 
head was in that direction (317). 

324. In effecting a corrected course practically by a table 
of errors, it will be useful to possess what maybe termed an 
indicator, by which the course to be steered by the standard 
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compass, in order to make good any required tme magnetic 
course, may be found mechanically by inspection. 

This nsefol instrument may 
Fig" 159« consist of a neat plane of 

irw ^ N NW JL NyjB KB wood fig. 159, about ten 

inches square, covered with 
^ fine paper, and haying the 
thirty-two rhumb-lines laid 
B off on it, as given in the 
_ figure; a moveable compass- 
^ *^ card,w 65 w, is centrally placed 
on the board, so as to revolve 
round a central pin, c. Now it 
is clear that, taking the fixed 
magnetic lines as the true lines, we may, by bringing any 
deviation for the north pole n of the card to either of these 
given fixed lines, immediately determine the course by the 
standard compass, corresponding to the given course. Sup- 
pose, for example, we required to effect a N.E. course, and 
that in turning to our table of errors we found that, with the 
ship's head in that direction, there was an error of a point in 
easterly deviation of the compass. In such case, place the 
north pole n of the card so as to correspond with the N. by E. 
fixed magnetic line — that is to say, move it eastward 11° 15' ; 
this would then be the actual direction of the card of our 
standard compass in respect of the true magnetic lines, with 
the ship's head at N.E., and would hence bring the N.E. 
by N. point of the moveable card upon the fixed N.E. line, 
which shows that, to effect a true magnetic N.E. course, 
we must steer N.E. by N. by the standard compass. 

"We may, in a similar way, find the actual direction of the 
ship's head corresponding to a given course by the standard 
compass. Suppose, for example, the course by standard com- 
pass was N.N. W., and that, with the ship's head in that direc- 
tion, the needle deviated half a point West, set the moveable 
card to the deviation by turning the north pole n to the left 
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hand, half a point, which will bring the N.N. W. line of the 
moveable card to N.N.W.^W. of the fixed chart, which 
will be the actual direction of the ship's head when 
steering N.N.W. by the standard compass. These are 
selected as illustrations of more complicated cases. 

325. Correctuyii hy Distorted Card. — The ship being 
swung upon th^ different points of the compass, a card is 
marked off, such as on trial will correspond with the true 
magnetic direction of the ship's head, as shown (318) in 
fig. 157, and by which the ship is to be steered. This 
method has been found very available and satisfactory ; the 
objections are, that the irregular distances of the points 
of the compass confuse the helmsman, especially in 
steering ^ and ^ points, and that it is almost impossible 
to take an accurate bearing with such a card. Captain 
Sparkes, however, who has lately obtained a patent for a 
card of this kind, has ingeniously applied a divided circle to 
the verge of the compass, by which, when set to the course 
steered, any bearing may be taken. The idea of a corrected 
card appears to have been also suggested by Captain Milne, 
KN., in an interesting paper on the subject of local attrac* 
tion, so long since as the year 1832. 

326. Correction hy Oompensating Disturbing Forces — Bar' 
low's Plate, — ^We are indebted to Professor Barlow for the 
first attempt ever made to correct the local attraction of a 
ship by a mass of iron placed in the vicinity of the com- 
pass, so as to introduce into the system a new disturbing 
force, which, acting at a given point, would produce the 
same effect-on the needle as that of the iron of the vessel. 
In order to understand clearly this-kind of correction, wo 
must observe, that all the laws which Professor Barlow 
had determined in his researches concerning the operation 
of regular masses of iron on the needle he found to 
obtain for irregular masses, whether as a system under 
the form of detached masses, as in a ship, or under any 
irregular form. In all cases a close approximation to the 
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actipn of the Bjatom on the needle is anired at, on the 
supposition that the force proceede &om two ceutres inde- 
finitely near each other in the general centre of attraction 
of the mass, and that in iron bodies the magnetic force is 
confined to their surface. 

From the first of these principles, confirmed by sabse- 
qneut experiment, we may infer that the centre of action of 
all the iron of a ship, and the ideal line joining this centre 
with the centre of the needle, woald be constant in all parts 
of the world ; by the second we infer that a mere plate of 
iron may be so placed in this line as to prodnce an action 
on the needle equal to that of the ship ; so that the disturb- 
ance produced by the plate being found e:iperimentally, the 
disturbance due to the ship would be known. This prin- 
ciple was first employed by Professor Barlow in the follow- 
ing way : — The deviations of the compass being determined 
as before, the compass is taken on shore to a given 
station, T, fig. 1S8, and there placed on a cubical box or 
case, G, fig. 160, moveable on a vertical 
*'6- 1^"- axis into any azimuth (149). A circular 
double disc of iron, p, composed of two thin 
plates of iron, fixed parallel to each other 
p on an horizontal axis, P, with intervening 
^ wood, and termed a compensator or correct- 
ing plate, is then applied at some point 
determinable by experiment at the side of 
the case, so as to project from it, and at 
some given distance in respect of the com- 
pass ; the whole is now swung into various azimnths, 
and the disturbance of the plate p observed in each, 
as before done in respect of the ship ; by a very few trials, 
such a position of the plate can be found as will cause it 
to produce precisely the same disturbances as those observed 
in the ship. The plate being capable of adjustment on the 
axis p as to distance horizontally, and on the case a as to 
height vertically, the position of the centre of the plate p is 
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now carefully marked, and the compass replaced in the ship. 
If the plate be now applied as before, then, as is evident, the 
amount of disturbance will be twice as great; since the 
compass will not only deviate by the action of the ship, but 
also by the action of the plate. It is this double disturb- 
ance, however, which furnishes the required correciion, 
because the new disturbance caused by the plate is exactly 
equal to the existing disturbance of the local attraction. 
Thus, supposing, the ship's head being N.E., the variation 
(149) as taken with the azimuth compass to be, without the 
plate, 22^ 30' W., and taken with the plate 29° 27' W. ; 
then the difference 6° 57' W. is due to the plate ; but this, 
as we have seen, is exactly equal to the iron of the ship. 
We must, therefore, to obtain the true variation, apply tlds 
correction to our first observation, which will make it 
16** 33' W. ; and to make a true N.B. course by the com- 
pass, we must steer N.E.|E.-— that is, N.E. 6** 67' E., the 
quantity by which the iron of the ship has drawn the north 
pole of the needle west, as shown by the plate. 

327. BaUmce of Errora hy Barhw'a Plate, — Since the 
correcting plate P, fig. 160, can double the disturbance 
when placed in a g^ven position in respect of the compass, 
we may infer that, by changing its position, an opposite 
point may be found in which the plate would exactly 
balance the local attraction by a disturbance in an opposite . 
direction ; and such is found to be the case, or at least 
approximately. In applying the plate to the standard 
compass, either with this or the preceding view, the 
several bearings for each poiat must be examined, when 
two opposite points will be commonly found in which 
the bearings nearly coincide ; the mean of these must be 
taken as indicating a line of neutrality in the ship ; the 
direction of the line must be noted, and in some point of 
this line the compensator must be ultimately fixed. To 
determine its exact position, Professor Barlow has drawn 
up a general table of local attractions, comprising all poH- 
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sible limits of disturbance for every class of sailing-ship 
in the royal navy bnilt of wood, in which are found the 
limits of disturbance applicable to the given vessel ; oppo- 
site these limits are two numbers, one representing the 
distance of the centre of the plate below the pivot of the 
needle, and the other its distance from the plumb-line op 
vertical passing through the pivot of the needle. At this 
depth and distance in the line of no attraction, and ab^ft 
the compass, the compensator will balance all the disturb- 
ance arising &om the iron of the ship, so that on swinging 
the ship the needle will be found without error. 

328. This method of correcting the compass for local 
attraction, if not absolutely perfect, has proved eminently 
successful in practice ; and why it has been discontinued 
in the royal navy, without further investigation, it is diffi- 
cult to say: its great importance may be inferred from the 

Fig. 161. annexed diagram, fig. 161, which 

represents the true and calculated 
courses of H.M.*s ship * Griper,* 
between the 25th and 26th May, 
1828, as laid off &om the ship's 
log. In this diagram, n denotes 
the ship's place at noon by astro- 
nomical observation, 25th May; 
r^ and n the place of the ship at 
noon, also by astronomical obser- 
vation on the next day, 26th 
May. According to her calcu- 
lated place by the uncorrected 
compass, she would have been found at a, but by the qotxw 
pensated compass at &, very near her true place, making 
a difference of 35 miles of latitude, sufficient to have ship- 
wrecked the vessel. 

329. Correction hy Magnets. — Some important practical 
observations having in 1835 been made by Capt. Johnson 
on an iron steam- ship, the * Garry Owen,' from which in 
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appeared that the ship operated upon a compass -needle 
placed outside the ship, after the manner of a permanent 
magnet, the Afltronomer-Boyal, Professor Airy, was led, 
in July, 1838, to undertake an extensive experimental and 
analytical investigation of the whole subject, with a view 
to discover such general laws of the magnetic disturbance 
in iron ships as would enable him to correct the local 
- attraction. This fine physical and mathematical inquiry 
will be found in the * Transactions of the Boyal Society* 
for 1839. It would be impossible, however, within the 
limits of so unpretending a woric as this, to do full justice 
to Professor Airy's capital paper ; we can only hope, there- 
fore, to treat it in such a general way as may apply to the 
question before us. 

Whatever be the number or direction of the magnetic 
bodies in a ship, the effects on the compass may be resolve<l 
into three forces— one directed to the ship's head, one 
toward the starboard side, and one directed downward ver- 
tically. If we represent the e£fects which depend solely on 
the arrangement of the ship's iron by two constants p and h 
(that is to say, forces which do not change, and which may 
here be determined, and which become the multipliers or 
coefficients of certain unknown quantities) the one, p, being 
a coefficient upon which the force transverse to the keel 
depends, and the other, n, a coefficient upon which an 
induced force, similar to that of permanent magnetising^ 
depends ; and if the arrangement of the iron be symmetrical 
with respect to the keel, and the compass placed in the 
middle of the breadth, then taking the deviation of the 
north end of the needle in an east direction, it may be 
represented by p x sin- 2 A + n x tan ^ x sin A ; in which 
A is the azimuth of the ship's head reckoned eastward, and 
2= the dip. Should the general mass of the iron be at 
the same height as the compass, or should different masses 
of equal magnitudes constituting the iron of the ship have 
equal elevations and depressions in opposite azimuthSi 
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then the constant n will yanish. The constant p will 
vanish when the general mass of the iron is below the 
compass, or when eqnal masses are 90° distant, as seen 
from the compass. 

In the application of Barlow's plate, Professor Airy con« 
oeiyes that it only neutralizes the term dependent on N, but 
not that dependent on p. To obtain a perfect compensation, 
we must place another plate at the elevation of the compass 
in an azimuth of 90°, either to the right or the lefb of the 
first plate as commonly applied ; in this case p will be also 
compensated. 

Besides these coefficients p and k, we have a third also to 
consider as depending on the absolute diminution of the 
directive force in a north and south line, and which we may 
call M ; this term is greatest when the ironjnass is above or 
. below the compass, and least when at the level of the 
compass. 

The forces to be considered, according to the results of 
his inquiry, estimated by their action on the north pole of 
the needle, are four; viz. the force of terrestrial magnetism 
towards the north = unity; permanent magnetism in direc- 
tion of the ship's head; permanent magnetism to starboard 
side ; induced magnetism to the starboard side. This last 
force may be resolved into induced magnetism toward the 
north, represented by — ^M + P x cos A^ and induced mag- 
netism toward the east, represented by p x sin 2 a.* By 
far the most considerable of the disturbing forces are those 
dependent on permanent magnetism : these were not found 
to change in whatever position the ship was swung. The 
induced forces appear to be comparatively small. 

The horizontal intensify in the ship directed in the line 
of the compass, as also the terrestrial intensity on shore 

* The induced force we have called n is omitted here, being intricately 
combined with the permanent magnetism in the direction of the ship's 
head ; the force ic also, not producing any effect in an east and west 
direction, is omitted. 
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taken ssl, is deteimined by the needle of oscillation; the 
ship being swung into different positions. 

Professor Airy having brought the various forces of dis- 
turbance under the dominion of theory and calculation, 
proceeds to destroy them by the introduction of other and 
opposite disturbing forces. 

The longitudinal and transverse forces may be corrected 
by the action of a single magnet placed at a given distance 
below the compass, with its poles so directed as to draw the 
north end of the needle toward the ship's head and starboard 
side ; or otherwise by two distinct magnets, which is much 
more convenient. The induced force toward the east, or 
p X sin 2 a, may be corrected by placing a mass of iron on 
a level with the compass, either on the starboard or port 
side; with these correctors duly applied, the compass was 
found free from, disturbance. 

The only chance of error in this correction is the un- 
certain value of the induced force N, and its variable 
character in different latitudes ; there is, however, every 
reason to suppose that it is extremely small, and may, in 
certain dispositionB of the iron of the ship, vanish altogether, 
so that the correction for one latitude may, without sensible 
error, be used in all'latitudes. 

The correction of the compass then, in iron ships, be- 
comes reduced to the compensation of force of permanent 
magnetism toward the head ; of permanent magnetism to- 
ward the starboaj*d side ; and the term depending on p, the 
effect of which in an easterly direction is represented by 
pxsin 2 A; omitting N as being small, and H because it 
does not disturb the compass. 

330. The practical method of effecting these corrections is 
to swing the ship as before upon the cardinal points, then, by 
means of two magnets and a mass of iron, to correct the 
disturbances. The magnets are placed by trial upon some 
point in one of two lines carefally determined, one pa- 
rallel to the keel, the other at right angles to the keel; 
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these lines are either traced on the deck, or on the ceiling 
below the deck timbers. If the ship's head be north or sonth, 
and the transverse magnet be shifted by trial nntil the com- 
pass points correctly, it will be certain then that the force to 
or from the starboard side is compensated. Similarly, if the 
ship be swnng east or wesfc, the longitudinal magnet is 
shifted nntil the compass again points correctly ; the force 
to or from the head is now compensated. To correct the 
force represented by p x sin 2 a, the ship must be swung 
into the intermediate points N.E., N.W., 4c., and the com- 
pass made to point correctly by means of a mass of iron ; an 
iron chain, for example, placed by trial, either on the port 
or starboard side. 

As it is requisite in this operation to correct the compasft 
simultaneously with the observation of the deviation, the 
very ingenious method pursued by Mr. Stebbing, of South- 
ampton (321), is of the greatest value in this case. 

Some vessels are more easily managed than others. The 
compasses in one vessel may require a single magnet only ; 
others require two, with the addition of a box of iron chain. 
The ^ Eipon ' has two magnets and chain for each compass. 
The ' Fottinger ' had a single magnet only, aided by a chain. 
The * Ariel's * compass was corrected by one magnet only, 
without any auxiliary aid.* 

331. Many objections have been raised, as may be easily 
imagined, to these methods of compensating the forces, dis- 
turbing the compass by the introduction of other disturbing 
forces — such as the liability of the relations of the magnetic 
forces to change with change of place and with time ; the 
influence of changes of temperature on the correcting mag- 
nets, as also the liability of the magnets themselves to vary 
in power. Such objections are of course inseparable from 
this kind of investigation, and we can only determine 
their validity by experience. • So far as experience extends, 
it cannot be denied that the compass, as corrected in 

* * Artizan * for August 1860. 
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iron ships by Professor Airy's method, has, upon the 
whole, acted remarkably well. The commanders of the iron 
ships 'Sultan,* *Pottinger,' * Harbinger,* and many other 
large steam-ships, report most favourably of the efficiency 
of their compasses thus corrected. The latter vessel, cor- 
rected by Lilley, has been in a southern latitude, with- 
out finding any material change in the balance of the 
forces. "We cannot certainly consider the question to be 
so definitely determined as to render all further observation 
unnecessary ; it is very important, as stated by Professor 
Airy, to subject the vessel from time to time to further 
examination, and carefully note all the changes which are 
liable to occur. There is little doubt' but that compasses 
corrected by permanent magnets are affected by time and 
by geographical position, but still not to such an extent as is 
likely to lead to any very sensible error, or an error which 
may not be provided against. Some very interesting re- 
marks by Mr. J. R. Stebbing, on this important question, 
will be found in the *Artizan* for August 1850. Mr. 
Stebbing conceives that * the practical difficulty of correct- 
ing compasses for iron ships is overcome, and that such 
ships are as safely navigable as ships built of wood.' 
Messrs. Lilley also, who have corrected the compasses of 
more than fifty iron ships by permanent magnets, and by 
a method of observation of their own not generally known, 
also report confidently on the efficiency and safety of the 
principle deduced by the Astronomer-Royal. 

Ships, however, destined for long voyages, should still 
depend materially on a table of errors, registered for a 
standard compass, whatever other method of correction of 
the compass be resorted to. Corrected cards are decidedly 
useful, especially in iron ships, and may be employed with 
advantage in conjunction with other means to determine 
the true magnetic course. 

332. The following are a few important facts as deduced 
by Mr. Stebbing, from his experience of iron ships : — 
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1. A compass may be very true on one or several points, 
and greatly disturbed on others. 2. The errors in one ship 
are no guide to the errors of another. 3. The errors are 
least toward the middle of the vessel. 4 Every iron ship 
is a magnet in itself : some have the north pole afb, and 
some the south. The magnetic axis is frequently deter- 
mined diagonally through the ship. 6. There are in all 
iron ships two points, either opposite or nearly so, at which 
there is no error; there are other two points where the 
error is the greatest. An error will not sometimes alter 
3 degrees in a range of 5 points, and then change 30 degrees 
in the next 5 points. 6. The deviation is always an accu- 
mulating error or the reverse : it runs, 1, 3, 7, 12, 17, 26, 
30, 32, 33, 31, 28, 24, 20, 17, 13, 9, 6, 3, ; but never, for 
example, thus — 3, 7, 4, 10, 8, Ac. 

[333. The late Rev. Dr. Scoresby devoted much study to 
the variation of the compass in iron vessels.* He condemns 
the adjustment of the compasses by permanent magnets, 
and considers that in consequence of the percttssive action 
to which the material is exposed while the ships are in 
course of construction^ it becomes as intensely magnetic as 
it is possible for malleable iron to become. This augmented 
magnetism is not, however, permanent or fixed ; but, under 
different circumstances as to the relative deviation of the 
ship's magnetism and that of the earth, is easily change- 
able, and liable necessarily to be changed. As the result 
of his experiments, he considers that he has established the 
fact that, besides the two denominations of magnetism 
usually received, that, viz., of simple terrestrial induction, 
Wd that of permanent independent magnetism, there is 
another denomination corresponding with neither, not being 
absolutely controllable like the former by terrestrial influ- 
ences, nor capable, like the latter, of resisting all kinds and 

* Vide * Magnetical Investigations,' vol. il; also 'Reports of the 
Proceedings of the British Association at Oxford in 1847 and at liver- 
pool in 1864.' 
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modes of mechanical violence. To this denomination h^ 
gave the name of retentive magnetism. 

The vibration of a ship in a heavy sea is sufficient to 
change the original magnetism developed and augmented 
in the course of her construction. A great deal will depend 
on the position in "which the ship has been built. If, for 
instance, she has been built with her head to the K.E., she 
will have a certain magnetic distribution ; but when she 
begins to strain with her head to the S.W., that distribu*- 
tion will become changed, and the first effect will be to 
alter the compasses adjusted by fixed magnets. All attempts, 
therefore, to adjust a transient influence by a permanent 
one only aggravate the error which it is sought to over- 
come, and Captains of ships should lose no opportunity of 
correcting and verifying their compasses whenever the sun 
or a star is in sight. 

334. The Astronomer Royal (* AthensBum,* Oct. 28, 1854) 
objects to the term * retentive ' or * retained * magnetism, as 
representing the magnetism of wrought-iron plates, which 
he thinks differs very little from the magnetism of hard 
steel bars. Both are magnetized by induction, and both 
are liable to have their magnetism weakened or reversed ; 
but as in practice the magnetism of an iron ship is slightly 
more liable to change than that of a carefally preserved 
steel bar, he would call it ^ suh-jpemument polar.* Mr. 
Airy considers that the striking character of Dr. Scoresby's 
experiments/ are calculated to produce an impression of 
their applicability to iron ships, far greater than is war- 
ranted by carefal consideration, and that the shock which 
a ship receives from the waves are of a character, as regards 
their magnetic effect on the iron of the ship, very different 
from the raps or slaps in Dr. Scoresby's experiments, in 
which it is essential that the blow be of the nature of 
iwpacty occupying a very small fraction of a second of time. 

The change to be expected in a ship's sub-permanent mag- 
netism, in sailing from England to the Cape of Good Hope, 
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does not essenidally depend on her passing into another 
magnetic hemisphere. It does depend mainly on this cir- 
onmstance, that supposing her to have been bnilt with her 
head to the north, or in the line of boreal magnetism, she 
is then turned with her head to the south, or in the line of 
austral magnetism, and is so kept exposed to slight tremors 
for one or more months. If she had been moored off the 
coast of Portugal for the same time in the same position, 
and exposed to the same tremors, Mr. Airy believes that 
her ma^etism would have undergone nearly the same 
change (as regards horizontal deviation of the compass) as 
in the voyage to the Cape of Good Hope. 

There are two sources of error to which Mr. Airy's 
method of correcting compasses may be liable, if due care 
is not exercised. The first is, that captains are hardly 
aware that a very trifliug disturbance in the position of the 
compass (for instance, a change of a quarter of an inch in 
the height) may very greatly disturb the neutralizing in- 
fluence of the magnets. The second is, thai the artists who 
correct the compasses are too much inclined to place the 
correcting magnets in the position called *end on.* In 
this position the magnet exerts greater deflective power, but 
it also introduces a force perpendicular to the ship's deck, 
and this force, when the ship reels, produces an uncorrected 
horizontal disturbance. While the building in iron was 
principally confined to paddle steam-ships, this was not 
important^ but now, when so many screw steam-ships and 
Bailing ships are built of iron, this arrangement ought 
never to be used. 

835. In a subsequent communication * to the Eoyal So- 
ciety, the Astronomer-Boyal strongly condemns any system 

♦ * Discussion of the Observed Deviations of the Compass in several 
Ships, wood-built and iron-built, with a General Table for facilitating 
the Examination of Compass Deviations,* by Q-. B. Airy, Esq., Astrono- 
mer Royal. *Phil. Trans.' for 1856, part I. Abstract in 'Proceedings of 
the Eoyal Society/ vol. xii. p. 491, 
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of navigatmg a sHp by forming a table of compass deTiations 
from observations at one place, and nsing that table until 
observations have been obtained at some other place. It 
does not in the smallest degree guard against the effect 
of change in the ship's sub-permanent magnetism, and it 
introduces errors which are purely gratuitous, and un- 
necessary, and which are entirely avoided if the compass is 
corrected by magnets and soft iron. 

In elucidation of the amount of errors that may be 
introduced, if from any cause this system is carried to 
extremes, he remarks that, in the instance of the ship 
* Trident,' sailing from the Thames to Rio Janeiro, the 
table of compafls-deviations formed in the Thames would 
have been erroneous when the ship arrived at Rio Janeiro ; 
that in one course the error would have been 6** or 7° in 
one direction, and on another course it would have been 
8® or 0** in the opposite direction ; yet during this voyage, 
the ship's sub-permanent magnetism had not changed at 
all 5 and if the compasses had been corrected in the Thames 
by magnets and soft iron, there would not have been an 
error of a single degree in any part of the voyage. In 
other cases, where there was a real change of suh-jpemianent 
magnetism, the error would have been fully doubled by 
carrying on the original table of observed compass de- 
viations. 

At the end of this communication Mr. Airy gives a table 
of polar-magnet deviations. It is a table of double entry, 
one of the arguments being the azimuth of the ship's head 
from the neutral point, the other argument being the 
modulus or proportion of the polar-magnetic force to the 
terrestrial horizontal force. The azimuth is expressed in 
points and decimals of a point, and is given for every P'l 
from Op*0 to 16p"0 ; the second half of the circle being a 
repetition of the first, but with sign changed. The modulus 
is given for every 0*01 fromO'OO to 0*80. The correspond- 
ing deviations are given in degrees and minutes. For each 

6 3 
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modolns there is also given the mean of all the deviations 
in the semi-circnmference for that modolris; bj use of -which, 
in comparison with the mean in any given instance, the 
modnlas in that instance is discovered. 

836. The general principles of practical import which 
rcsnlt from an elaborate investigation, which was made the 
snbject of a communication to the Boyal Socieiy by Mr. 
Evans,* 1, as regards the best direction with reference to the 
magnetic meridian for the keel and head of an iron ship to be 
placed in building to insure the least compass distorbance ; 
2, the best position and arrangement for a compass to 
insure small deviations and permanency, on changes of 
geographic position; and 3, the changes to which the 
compass is liable from various causes on the foregoing con- 
ditions being fulfilled, are :— 

1. For the best direction in building ; it is shown that, 
from the nature of the polarity of the hull, and especially 
of the top sides in the after section of the ship and adjoin- 
ing the compass, where usually placed, the latter is least 
afifected in those vessels built in the line of the magnetic 
meridian. 

2. For iron steam-vessels engaged in the home or foreign 
trades in the northern hemisphere, it is recommended, 
from the then antagonistic magnetic influence of the hull 
and the machinery, to built them head to the north ; for 
iron sailing vessels — ^from the top sides, in the usual position 
of the compass, being magnetically weak if built head to the 
south ; the latter direction is to be preferred. 

8. The selection for the position of the compass depends 
on the direction of the ship during building ; in those built 

* * Reduction and Discussion of the Deviations of the Compass ob- 
Bcn'cd on board of all the Iron-built Ships, and a Selection of the Wood- 
built Ships in Her Majesty's Navy, and the Iron Steam-ship " Great 
Eastern," being a Report to the Hydrographor of the Admiralty,* by 
rrodorick J. Evans, Esq., Master RJN"., Superintendent of the Compass 
Dcpaitmcnt of Her Mjijesty's Royal Navy. • Phil. Trans/ 18C0, p. 33. 
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head to north, it must be removed as far from the stem as 
convenience will permit ; in those bnilt head to the sonth, 
as near to the stem as convenient, but avoiding especially, 
in all cases, prozimily to vertical masses of iron. In ships 
bnilt head east or west, there is little choice of position ; 
in those bnilt on the intercardinal points, a position ap- 
proximating to the stem, when the action from the top 
sides (to be determined experimentally) is to be preferred. 

Ample elevation above the deck, and exact position in 
the middle line of the ship, are primary conditions to be 
observed; and no compass shonld be nearer iron deck 
beams than 4 feet. As every piece of iron not forming 
a park of, or hammered in the fabrication of the hnll, snch 
as rndder, fnnnel, fastening of deck-houses, &c., is of a 
magnetic character differing from the hnll of the ship, 
proximity to any snch shonld be avoided, and as far as 
possible the compass shonld be so placed that they may 
act as correctors of the general magnetism of the hull. 

As most compasses are affected by the magnetism of the 
ship to an amount depending on their elevation and the 
direction of the ship in building, the disturbances will be 
large comparatively, except in those vessels built head east 
or west. 

A series of tables is appended to this paper, wherein the 
magnetic co-efficients of the ship's force and direction of 
the various classes of vessels are given, the ships being 
classed according to tho nature of their materials and 
machinery. 

337. This important investigation has been continued by 
Staff- Commander Evans, who, in conjunction with Mr. 
Archibald Smith, has made a second communication to the 
Boyal Society, on the magnetic character of armour-plated 
ships,* the practical conclusions dedudble fr*om which are 
as follows : — 

* * On the Magnetic Character of the Armoiir-plated Ships of the 
Koyal KaTyr and on the effect on the Ck)mpa8B of particular arrange* 
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The introduction of armonr-plating and tlie g^eat in- 
crease in the amount and thickness of iron nsed in the 
construction of modern ships of war, have greatly increased 
the amount of the deviations previously considered, and 
have given importance to two sources' of error not pre* 
viously considered: viz. the diminution of the directive 
force, and the heeling error. To determine these, obser- 
vations of horizontal and vertical force are necessary, and 
they are now part of the regular series of observations 
made by the superintendent of the compass department in 
the iron-built ships of the Royal Navy. 

The observations confirm the conclusion formerly ob- 
tained, that the semicircular deviation in an iron-built ship 
is chiefly due to the attraction of the north point of the 
compkass to the part of the ship which was south in building, 
modified in armour-plated ships by the direction of the 
ship while being plated. 

The observations also show the rapid changes which 
take place in the semicircular deviation soon after launch- 
ing, and the considerable changes which take place for 
about a year afterwards, and the great permanence of the 
semicircular deviation after that time. 

Among the practical conclusions drawn by tji© author, 
the most important are, that the best position for a 
ship to be built in is head south; that armour-plated 
ships should be plated with the head in the opposite 
direction to that of building; that there should be 
as little iron as possible within a cone traced out by 
a line passing through the compass and making an 

angle of 54° 46' fcos— 1 --^J with the vertical ; and that 

ttientfl of Iron in a Ship,* by F. J. Erans, Staff-Commander R.N., F.RS.« 
Siipcrintendent of the Compass Department H. M.'s Nary, and Archi- 
bald Smith, M.A., F.E.S., Corresponding Member of the Scientific Com- 
mittee of the Imperial Bussian Navy. March 9, 1 865* 
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* 

in the construction of iron-built and iron-plated ships, 
regard should be had to providing a suitable place for the 
standard compass. 

838. For his memoirs in the * Philosophical Trans- 
actions * and elscT^here, on the ' Magnetism of Ships,' the 
Council of the Royal Society awarded to Mr. Smith a 
royal medal. 

The outh'ne of the system practised in the Royal Navy, 
which has been brought to its present advanced state, in a 
great measure, owing to the researches of Mr. Smith and 
Captain Evan% may be briefly stated as follows : — 

1. As regards the building of ships, it has been ascer- 
tained that the amount of disturbance is greatest in iron 
ships which are built (in British ports) with their heads 
to the north, and is still further and greatly increased in 
armour-plated ships when they are plated with their heads 
in the same direction as that in which they were built. It is 
therefore desirable that iron ships should not be built with 
their heads to the north, and that armour-plated ships 
should be plated in the reverse position to that in which 
they were built. Exactly the same conclusion was arrived 
at by Captain Belavenetz from his experiments on the iron- 
built armour-plated battery * Pervenetz.* 

2. In respect to the fitting of ships. It is held to be 
essential that in every ship a standard compass should be 
fixed in a position selected not for the convenience of the 
helmsman or the builder, but for the moderate and uniform 
amount of the deviation at and around it, and where every 
facility exists for the examination of errors, by comparison 
with the azimuths of celestial objects or by terrestrial 
bearings. No iron of any kind should be placed or should 
be suffered to remain within a certain distance of the 
standard compass — ^in the British naval service this dis- 
tance is 7 feet ; and all vertical iron, such as stanchions, 
arm-stands, &c,^ should be at a still greater distance — ^in 
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the Britisli naval service this distance is 14 feet, whether 
on the same deck or immediately below it. 

It is not difficult to select a place where the standard 
compass can be most advantageously placed; bnt it is 
difficult, and some more stringent measures are required 
than at present exist, to induce ship-builders to adapt the 
arrangements of the vessel to the requirements of the 
compass. 

8. In respect to those who have to navigate the ship. 
Every iron ship should be swung when her cargo is com- 
plete, and when she is ready in all respects for sea. Tables 
of the deviation of the standard compass on each course 
should be made according to the directions now universally 
adopted in Her Majesty's Navy, the tabular deviations 
being applied as corrections to the courses steered. The 
table of deviations to be carefully watched as the ship 
proceeds on her voyage, by comparison with the azimuths 
of celestial objects, and reformed as changes in the geo- 
graphical position of the ship or in the magnetic condition 
of her iron take place, according to rules which have been 
devised for that purpose, confirmed by experience, and pub- 
lished by authority. 

By a strict adherence to these precautions, arrangements, 
and practices, the compass may still, in great measure, 
retain its place as the invaluable guide to the mariner in 
iron ships, as it was formerly in wooden ships; but it 
cannot be too strongly inculcated that no process of 
supposed cortection, whether tabular or mechanical, should 
be allowed to interfere with the habitual and constant 
practice of examining the standard compass on all occa- 
sions, when the state* of the heavens will permit, by com- 
parison with celestial objects.] 

839. We must not dismiss this most important subject 
without a brief notice of an ingenious compass by Mr. St. 
John, of BuffUlo, United States of America, and which was 
rewarded with a medal at the Great Exhibition of 1851 : 
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the object of the arrangement is to indicate the amonnt of 
local attraction, and the deviation of the compass actnallj 
present at any moment. This invention is shown in fig. 
162, in which N B s w represent the suspended card and 
needle : » «, «' «', are two short slender needles, delicately 
set up on vertical axes and attached to the compass-card, 
one on each side of the centre of the great needle ; and on 
the east and west line, these small needles, termed satel- 
lites, carry fine indexes », t', made of reed, centrally fixed 
to them and at right angles to their direction, so as to in- 
dicate on graduated arcs i, i', any deflection to which they 
are snbject. Supposing the compass to be in the true 



Fig. 162. 



magnetic meridian, the three 
needles wlQ be parallel, but the 
small needles will stand with 
their poles n 8, w' a', reverse to 
the poles s, n, of the large needle. 
If under these circumstances the /I 
compass-needle k s deviate from 
the true meridian, then the po- 
sition of the small needles n 9, 
n' e', will vary from parallelism, 
and indicate on their respective 
arcs t, t', the amount of deflection to which the compass is 
subject ; at least this is the conclusion arrived at by the 
inventor. The notion is extremely ingenious, and the con- 
trivance, as a mechanical arrangement, very elegant: it 
requires, .however, much further investigation before tho 
principle can be considered as being perfectly available. 




CONCLUSION. 



840. We have now gone through, in as comprehensive a 
way as tho limits of our work will permit, all tho great 
loading facts of ordinary magnetism, theoreticaljar and prao- 
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tically considered, and have at the same time entered npon 
the several important physical questions to ^hich they have 
reference ; we have now merely to advert in conclusion to 
Bome of the more recent applications of this branch of 
science, in farthering the progress of civilization, or in con- 
tributing to the wants of mankind. 

841. The next great practical application of magnetism, 
after the mariner's compass, is the auxiliary means it has 
afforded in the constraction of the electro-magnetic tele- 
graph, and without which that wonderM contrivance could 
never have been made so perfect as it now is. For although 
the electrical current is the great element by which the 
transmission of thought is effected between persons sepa- 
rated by almost any amount of distance, yet it is by the 
varyiQg motions and positions of the magnetic needle, ever 
obedient to the wire affected by the current action, that 
we owe the interpretation of the ideas or thoughts, con- 
cealed and conveyed as it were through the wire. Having 
already explained in our volume on electricity* the general 
telegraphic agency of the electrical current, and the means 
afforded to its transmission through wires continued through 
various points of space, we shall Hmit ourselves here to 
a notice of the more immediate part of this wonderful con- 
trivance so far as it depends on common magnets, the various 
motbns of which constitute, as it were, the language of the 
instrument. 

842. It will be immediately seen by reference to the phe- 
nomena of electrical wires and magnetic needles, already 
explained (40, 41, 46), that one or more needles, finely set 
upon an axis, either vertically or horizontally, may be Caused 
to assume various positions, and may be deflected any number 
of times successively, either to the right hand or to the left, 
and almost at any point of distance from the source of power, 
provided the means of commxmication of the cuiTent be 
afforded; and thus we have an interpretation of events at 

* 'Budimentaiy Electricity/ eeeond edition, p. 101. 
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hand, according to any preconcerted code of signals. We 
have likewise seen (63) that by making or breaking contact 
with a voltaic circle, a piece of soft iron may be vigor- 
ously attracted toward the poles of an electric magnet, 
or be again easily separated from it. , We have here, then, 
a ftirther sonrce of motive power at a distance, by which 
machinery may be set in motion, alarms sounded by means 
of bells, and other audible signals effected. When a single 
needle is employed, the code is termed the single-needle 
code. The arrangement consists of a magnetic needle, or set 
of needles, a, fig. 164, enclosed within a galvanometer coil 
(46), and set on au axis ; the axis projects horizontally, and 
carries a vertical index-needle, &, 
in front of a silvered brass dial ; ig- 6 . 

the alphabet is engraved on the a'abc I mnop 

dial, right and left of the index- ^ f[ Ae 

needle, as in the annexed fig. ' 

163. KiT^ 

Fig. 164 represents the posi- ■ 

tion of the galvanometer coil and 
needle a behind the plate, with 
the axis and needle b in front of 
the plate. The two needles are 
placed with poles reverse to each other (29), and both are 
more or less acted on by the coil. In order to give the 
system a tendency to the vertical position, a 
slight preponderance in weight is given to the ^^' 
lower extremities of the needles. The extent 
of deflection is limited by pins fixed on the dial. 

843. The letters are indicated by successive 
deflections, or beats of the needle, communicated 
by the current from a distance to the galvano- 
meter arrangement behind the plate and in given 
directions; thus the letter L is indicated by 
Jour successive deflections, right, left, right, left. The last 
beat is always the end of the word, and is a left-hand beat. 



A. 
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844. In the double-needle code two galvanometers are 
employed, and two index-needles placed parallel to each 
other; the donble-needle code gives, of course, increased 
fecility, afl admitting of a greater number of combinations. 
In this arrangement two galvanometers (46), with their 
respective needles, stand side by side ; one is called the 
left needle, the other the right needle. Now we may either 
deflect the right needle or the left, or both at one time, 
causing their upper or under points to converge to the same 
letter, and famishing signals which may easily correspond 
with a given code ; thus, the upper half of the lefb-hand 
needle twice deflected to the left may be A, three times b, 
once to the right and once to the left c, and so on. In 
order to spell the word- hen, for example, a first beat is 
made with the right needle fbr h, then a second with the 
left needle for e, now, a third beat with the right needle 
signifying N; finally, a fourth beat with left needle, corre- 
sponding to the symbol ij<, signifying the termination of 
the word. In order to render these movements of the 
needles efiectual, there are two handles below the dial by 
which the connection with the voltaic battery (40) can be, 
by means of a particular mechanism, rapidly made, so as 
to cause the current to flow in any direction (41). In 
the double-needle arrangement everything is, of course, 
doubled. 

345. Professor Wheatstone, to whom we are mainly in- 
debted for the needle apparatus, also contrived a method of 
signalizing the letters themselves. This is efiected by a 
circular dial, or disc, set on a central axis, and on which the 
alphabet is engraved, as isilso the numerals. The circum- 
ference of this plate, taken edgewise, has a succession of 
insulating and conducting intervals, so that in turning it 
round we effect or break contact with the battery, by 
means of a spring pressing against the surface. Any series 
of letters we choose to make appear at a given opening in a 
case covering the dial will be repeated at a distance by a 
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similar dial. This is effected by tlie temporary magnetizing 
of soft iron, in making and breaking contact with the 
battery (53) as we tnm the disc round to a particular 
letter. By this, as in the motion of the alarm-be]l, a motiye 
force is obtained at a distance, the mechanism operated on 
being so arranged as to turn, by electro-magnetic action, 
any required letter of the distant dial to the opening in its 
corresponding case. Thus, if we signalize at any station 
the letters f i b £, in succession, then the same will succes- 
sively appear upon the opening of the dial at a distant 
station, say of 100 miles. This species of telegraph has 
been termed the mechanical telegraph, in opposition to 
the former, which has been termed the needle-telegraph, 
and which is that commonly employed in this country. 

346. Although to an observer the manipulation in work- 
ing the telegraph dials may appear complex and perfectly 
incomprehensible, and the delivery of a message at the rate 
of eighteen words per minute from a hundred miles distant 
quite marvellous, yet the practice of the operations is very 
soon acquired by the clerks engaged in this department 
of our railways; indeed, after great experience, the mani- 
pulator can work with a blank dial; and the particular 
clerk employed at the distant station to transmit the 
message may be actually known by his characteristic de- 
flections of the needles right or left. One is firm in his 
signals, another sharp and rapid; one patient, another 
hasfy.* 

347. The application of magnetic influence in determining 
distance through otherwise impermeable matter, or the 
thickness of soHd rock or other substance, may be consi- 
dered as another valuable application of ordinary magnetismi 
especially in mining operations. We are indebted to the 
Eev. Dr. Scoresby for this method of measuring distance. 

It is evidont that since the deviations of a delicate needle, 
by the influence of a magnet placed in the line of its 

* Walker on * Telegraphic lilanipiilation.' 
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centre at right aaigles to the meridian, may be taken as a 
measure of the force of the magnet ; so, conversely, the 
same deviations, nnder similar conditions of direction, must 
correspond with eqnahty of distance ; that is to say, sup- 
posing the intervening matter to be permeable or trans- 
parent to magnetism. If, therefore, we determine for a 
given magnet and needle a table of deviations corresponding 
with certain distances between the centre of the needle and 
magnetic pole when placed in a given position, we may 
thereby determine the distance at which the magnet is 
operatrag through solid matter, by observing the deviation 

produced. 

Fig. 165. 
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Let, for example, cnms 

be a mass of solid rock, s n 

the direction of magnetic 

meridian, and that the walls 

. of the mass lie in that di- 

- rection ; let c be a delicate 
compass, finely divided, and 

— placed on one side of the 
rock, and u a magnet placed perpendicular to its centre on 
the other; the compass-needle will then be deflected a certain 
number of degrees ; from which the distance may be found 
either by the table, or by bringing the magnet round to the 
side of the compass, and finding experimentally the distance 
at which the same amount of deviation will be produced. If 
the intervening^ rock should He oblique to the meridian in 
direction s n, and the compass-needle become oblique to the 
walls, we must then deflect it by the influence of an auxiliary 
magnet, so that it may stand parallel to the walls of the 
rock, and then proceed as before. By a careful preparation 
of the apparatus, Dr. Scoresby has succeeded in measuring 
distances of 126 feet to within a very small fractional 
amount.* 

348. Ordinary magnetism is employed for the separation 
• * Edin. New PhiL JournaV April 1832 
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and collection of particles of iron, mixed with other finely- 
divided matter, by means of permanent magnets, as also 
to the most important and humane purpose of catching 
up, in a similar way, the destructive dust of steel, which, 
in the grinding of needles, is liable to find its way into the 
eyes and lungs of the workmen, thereby producing diseases 
of a serious character, more especially of the lungs. 

849. Common magnetism is in this way made available in 
a machine for separating from impurities disintegrated 
particles of certara rich ores of iron found in Canada, and 
which average from 60 to 70 per cent, of pure iron. These 
ores, by exposure to the wearing action of the atmosphere, 
freely break up into smaU grains ; they are then stamped 
and dressed, after which the magnet is used to act on the 
disintegrated particles, and thus separate the iron from its 
gangue* 
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Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B€ton, Pile-driving, Caissons, and 
Cofferdams. By E, Dobson, M.R.I.B.A., &c. Fifth Edition, revised, is. 6d, 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect. 

Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 3s. 

83*». CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs^ Esq., of New York, and Edited by Charles Tom- 
unson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.CE. IUus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, ^^'c: Experimental Essays 
on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of theJArchitect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, rs. 6d. 
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127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS-^THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.RA.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl op ABERDEB>f. is. 
%• The two f receding Works in One handsome Vol.^ half bounds entitled "Ancient 

Architecture," price 6s. 
132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', Plumbers'. Painters', Paper- 
hangers', Gilders', Smiths', i Carpenters', and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. IIIus. is. 6d. 

175. LOCKJVOOD &* CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, for 1883, containinjj the latest Prices ot all kinds of Builders' 
Materials and Labour, and oi all Irades connected with Building, &c., &c. 
Revised and Edited by F. '1". W. Miller, Architect and Surveyor, .is. 6d. ; 
half bound, 4s. \.Just published, 

182. CARPENTRY AND WINERY— This. Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard "Work of 
Thomas Tredgold, C.E. With Additions from the "Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.; 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s.; cloth, 7s, 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

wick. New, Revised, and enlarged Edition. B3' G. Huskisson Guillaumk, 
Architect. With numerous "Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8cc., 8cc. With 9 Coloured Plates of 
Woods and Marbles, and nearlv 150 Wood Engravings. By Elus A. 
Davidson. Third Edition, revised. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections: General Principles; Arch Drawing, Cutting, and Setting: 
Pointing ; Paving, Tiling, Materials ; Slating ana Plastering ; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Fourth Edition, revised and enlarged. With above 330 
lllustrationar. By W. P. Buchan, Sanitary Eiigineer. 3s. 6d.t 

[Just Published. 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Re'^ailer and Builder. By RiCHAkD E. Grandy. 
Second Edition, Revised. 3:;.^ 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badbnoch. Illustrated with 12 full-page Engravings of Examples, zs. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. Second Edition, 

enlarged, 4s. 6d.$ 
■■ ■ ' ' ■ 
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226. THE JOINTS MADE AND USED BY BUILDERS in .the 

Construction of varioas kinds of Engineering and Architectural Works (A 
Practical Treatise on). With especial reference to those wrought by Arti- 
ficers in Erecting and Finishing Habitable Structures. By Wyvill J. 
Christy, Architect. With upwards of 160 Engravings on Wood, is.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Robison, 
Tredgold, and Humber. By E. Wyxdham Tarn, M.A., Architect. With 
numerous Illustrations, is. 6d. [y us t published, 

229. ELEMENTARY DECORATION : A Guide to the Simpler 

Forms of Everyday Art, as applied to the Interior and Exterior Dacoration 
of Dwelling-Houses, &c. By James W. Facsy, Jun. Illustrated with 
Sixty-cight explanatory Engravings, principally from Designs bv the 
Author. 2S. [Just published. 

230. HANDRAILJNG (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By Gbokgb Collings. 
Illustrated with Plates and Diagrams, zs. 6d, [^Just published. 

CIVIL ENGINEERING, ETC. 
219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 

Including a Treatise on Hydraulic Engineering by Geo. R. Burnbll, 
M.Inst.C.E. Sixth Edition, revised, with Large Additions on Recbnt 
Practice in Civil Engineering, by D. Kinneak Clark, M.Inst. C.E., 
Author of " Tramways : Their Construction," 8cc. 6s. 6d., Cloth boards, 7s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. By John 
George Swindell, A.R.I.B. A. NewEdition,byG. R. Burnell, C.E. is.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, xs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. 2s. * 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in« 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s.| 
117. SUBTERRANEOUS SURVEYING, an Elementary and Prac 
tical Treatise on. By Thomas Fenwick. Also the Method t>f Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 
ri8. CIVIL ENGINEERING IN NORTH AMERICA^ a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 
197. ROADS AND STREETS [THE CONSTRUCTION OF)^ 
in two Parts : I. The Art of Constructing Common Roads, by Henry 
Law, C.E., revised bv D. K. Clark, C'.E. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 
203. SANITAR Y WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms oi 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.t 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Conn- 
tnes. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES^ the Construction of, and other ^lachinery for Raising 

Heavy Bodies. By Josbph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr. Lardner. Illustrated, is. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 
larged, with numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards. 

[Just published. 

82. THE POWER OF WATER, as applied to drive Flour Mills, 

and to jfive motion to Turbines, &c. By Joseph Glynn, F.R.S. 2s.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. xs. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. With copious Receipts, &c. By Walter Graham. 2s.:t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. ByJ.G. Winton. Illustrated. 3s.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.t 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam.** 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.t 
2CX). FUEL, its Combustion and Economy. By C. W. Williams, 

A.I.CE. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel—Coal, Coke, Wood, Peat, Petroleum, &c. — by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s.6d.$ 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnear Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. zoo Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.R. js.t 

217. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. 'By J. W. Urquhart, C.E. 2s.t 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 

Moulding, Casting, Forging. Tools, Workshop Machinery, Manufacture of 
the Steam Engine, 8cc. By Francis Campin, C.E. 2s. 6a.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Burgess. 2s. 6d.J 

235. PRACTICAL ORGAN BUILDING. By W. E. DrcKSON, 

M.A., Precentor of Ely Cathedral. Illustrated. 2S. 6d.J [Just published. 

236. DETAILS OF MACHINERY. Comprising Instru'ctions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 

Boiler* Yard. Arranged expressly for the use of Draughtsmen, Students, 

and Foremen Engineers. Bv Francis Cahpzn,'C.E. 3s.i [Just published, 

THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. E. Cranb. Illustrated. [/« the press. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, KTC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
James Peakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.t 
S3*. SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 
and Practical Principles of the Construction of. . By Hakon A. Somm br- 
FBLDT, Surveyor of the Royal Norweg^ian Navy. With an Appendix, is. 6d. 

S3**. AN ATLAS OF ENGRAVINGS to Illustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robbrt 
Kipping, N.A. Fourteenth Edition. Illustrated. 2s.t 
54*. IRON SHIP-BUILDING, With Practical Examples and Details 
ft>r the Use of Ship Owners and Ship Builders. By John Grantham, Con* 
suiting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^' " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By James Greenwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals ; Uxe Rule of the 
' Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 

Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. Hy W. H. Kossbr. 2S. 6d.t 
80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer- Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 35.^ 
%lhis, THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W, 
Bland. Seventh Edition, revised,with numerous Illustrations and Models.zs.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Professor T. R. Youxc. New Edition, including the 
jequisite Elements from the If^autical Almanac for working the Problems. 
Illustrated. 2s. 6d. [Jusi published. 

!00*. TABLES intended to facilitate the Operations ot Navigation and 
Nautical Astronomy, as an Accompaniment .to the above Book. By J. R. 
Young, is. 6d. 

106. SHIPS* ANCHORS, siTresLtise on. By G. Cotsfxl, N.A. is.6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c., &c. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, NJL, 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 

F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION, Consisting of The Sailor's 

^ Sea-Book. By Jambs Greenwood and W. H. Rossbr. Together with 

2Q. the requisite Mathematical and Nautical Tables for the Working of the 
Problems. By Henry Law, C.E., and J. R. Young, formerly Professor of 
Mathematics m Belfast College. Illustrated with numerous Wood Engrav- 
ingsand Coloured Plates. 7s. Strongly half-bound in leather. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY^ for the Use of Beginners. By Professor George 

FowNKS, F.R.S. With an Appendix on the Application of Chemistry to 

Agriculture, is. 
a. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomunson, Lecturer on Natural Science in 

King's College School, London. Woodcuts, zs. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 

of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomunson. Illustrated, zs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied.- By Sir W. Skow 
Harris, F.R.S., 8cc. With Additions bjr R. Sabine, C.E., F.S.A. zs. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S A. zs. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Ma^etical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With Z65 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. ByR. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Cha&les 

ToMLiNSON. Illustrated, xs. 6d. 

72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 

Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 

Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 

Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. . , -rx • ^ / 

1^**, PHOTOGRAPHY, Popular Treatise on; with a Description of 

• the Stereoscope, «tc. Translated from the French of D. Van Monckhovbn, 

by W. H. Thornthwaitb, Ph.D. Woodcuts, zs. 6d. tt* -o e 

06 ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.i>., 

* formerly Radcliffe Observer at Oxford. Third Edition, revised and cor- 
rected to the Present Time. By William Thynne Lynn, B. A., F-R-A^-' 
formerly of the Royal Observatory, Greenwich. 2s. yjusi published. 

07 STATICS AND DYNAMICS, the Principles and Practice of; 

embracing abo a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. zs. 6d. 
n8. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Teleeraph Clerks' Remembrancer, and Guide to Candidates for Employ- 

ment^nUe Telegraph Service. By R. Bond^ ^^^A^Jr^KFTI^r ELEC 
enlarged • to which is appended, QUESTIONS on MAGNETIbM, JLL>JiC.- 
TRI<!!TYrard PRAcffi tJ^Upe of Students, 

byW. McGregor, First Assistant Supnt, Indian Gov. Telegraphs, ^.t 
173. PHYSICAL GEOLOGY, partly based o^^ ^aj^r- General PoRT- 
LOCK'S "Rudiments of Geology." By Ralph Tatb,A.L.S.,&c. Woodcuts, as. 
n^. HISTORICAL GEOLVGY,%zniy based on Major-General 
^ Portlock's" Rudiments." By Ralph Tact, A.L.S., 8cc. Woodcuts. 2s. 6d. 
,7. RUDIMENTARY TREATISE ON GEOLOGY, Fhy^czl ^d 
& ffiSoricad. Partly based on Major-General Portlock's "Rudiments of 
174 G^olo^." By Ralph Tatb, A.L.^., F.G.S., «cc. In One Volume. 4s. 6d4 
182* ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.CX^ 
& formerly Professor of Natural Philosophy and Astronomy » ^ni^m^ 
R C^ge, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

*^4- • » So/d also in Two Paris, as follows :— 

18s. Animai. PwrawJ. By Dr. Larbner. Part I., Chapters I^-Vn.^. 
l^ AnSal Pmrsies. By Dr. Lardn^r. Part H., Chapters Vni.-XVm. 3s. 

^T^M ±ii»di0ahs JkafihM vols, magr be flui sfifVnAf 9offnd (A ftA eK/tm, 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Mag:netic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Wooacuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD, By Dr. R. H. 

Lamborx. "Woodcuts. 2S. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 
including the Electro-Deposition of Nickel, &c. Woodcuts. 3s.t 
172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 
I72*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing' 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth hoards, 6s. 
176. METALLURGY OF IRON Containing History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 5th Edition, 
revised and enlarged. 5s.t [Just published. 

180. COAL AND COAjL MINING, A Rudimentaiy Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t 

195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintern, Mining arid Civil Engineer. 3s. 6d.i 

214. SLATE AND SLATE ^C/'i4/?i?F/Ar6^, ScientiHc, Practical, and 

Commercial. By D. C. Davies,' F.G.S.", Mining Engineer, &c. With 
numerous Illustrations and Folding Platesi 3S.t 

215. THE GOLDSMITHS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By George E. Gee, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. 3s. t 

225. THE SILVERSMITHS HANDBOOK, containing full In- 
structions for the Alloying and Workin? of Silver. By G^eorge E. Gee. 35.$ 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY^ 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from^ the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Surveyor. 2s. 

FINE ARTS- 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Paintiner. &c. Bv George Pyne. 2!!. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I, GLASS. From the German of Dr. Gessert and Emanuel Otto From- 
BKRG. With an Appendix on The Art of Enamelling, 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. Witli 
numerous Examples. By Charles Child Spencbr. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. js.6d. 
69-71. MUSIC AND THE PIANOFORTE, In one volume. Half 
bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass. &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. F«urth Edition, revised and enlarged. s$.t 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Colou red Diagrams, 8tc. 35.* 

The t indicates thai these vols, may be had strongly bound at 6d. extra. 



LONDON : CROSBY LOCKWOOD AND CO., 



weale's rudimentary series. 



AGRICULTURE, GARDENING, ETC- 

66. CLAY LANDS ^ LOAMY SOILS, By Prof. Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READy 
RECKONER. With approximate values of Millstones, Millwork, &c. zs. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

MoDBRN Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. z.OuTLiKffis op Modern Farming.) By R. ScottBurn. .is. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6tl. 

145. DAIRY, PIGS', AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled " Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.$ 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breed?. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY, Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, 8kc. By George M. F. Glenny. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organt. 

zaiion of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock; Details of Contract Work; Specialities of Labour, &c., &c. 
By Robert Scott Burn. 2s. 6d.T 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, 8tc. By R. Scott Burn. 2s. 6d.t 
%• Nos. 2orj &» 208 in One Vol.y Iiandsontely half-hound,eniiiled " Outlines of 
Landed Estates and Farm Management.'^ By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2S.J 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.$ 
%• Nos. 209 6f 210 tn One Vol., handsomely half-bound, entitled "The Trbb 
Planter, Propagator and Pruner." By Samuel Wood. Price $s. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., . 
forming a complete Calculator and Ready- Rrckoncr, especially adapted to 
persons connected with Agriculture. Fourth Edition, By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. Hy Prof. John Donaldson and R. Scott Burn, 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING, By Charles 

Baltet. With Illustrations. 2s. 6d.$ [Just published. 

232. COTTAGE GARDENING; or, FJowers, Fruits, and Vegetables 

for Small Gardens. By E. Hobday, is. 6d. {Just published. 

2^3. GARDEN RECEIPTS, Edited by Charles W. Qum. is.6d. 

[Just published. 

234. THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to *• The Garden." Compiled by C. W. Shaw, Editor of " Garden- 



ing Illustrated." 430 pp. 3S.t \Ji4st published. 

LAND DRAINAGE, in Theory and Practice. By Professq] 

Scott. Illustrated. \In the press. 

The X indicates that these vols, may be had strongly bound at bd. extra. 

r, stationers' hall court, lxh^gate hill, E.C. 



10 WEALE'S RUDIMENTARY SERIES. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjusting-, and Usine them 
are concisely Explained. By J. F. Heather, M.A.. of the Royal Military 
Academy, Woolwich. Originsd Edition, in x vol.. Illustrated, zs. 6d. 

•»• In ordering the above, beearefuHo say, " Original Edition " {No. 32), io extin- 
guish it front the Enlarged Edition tn 3 vols. {Nos. i68>9-70.) 

60. ZAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of {Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker. C.E. New Edition, revised by Edward Nugent, C.E. IUos- 
trated with Plates and Diagrams, as.t 

6i*. READY RECJiTONER FOR THE ADMEASUREMENT OJ^ 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To ^hich 
is added a Table^ showing the Price of Work, from 2s. 6d. to ;^z per acre, and 
Tables for the Valuation of Land, from zs. to £1,000 per acre, and from one 
pole to two thousand acres in extent, &c., &c. zs. 6d. 

yS. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory oi Shadows and of Perspective, extracted from the French of 
G. Monge. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application ot Descriptive Geometry to various branches of tho Arts. By 
J. F. HfeATHBR, M.A. Illustrated with Z4 Plates. 2S. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Greometrical Con- 
struction of the Ground. By J. F. Heather, MA. With 2 z5 Woodcuts, ss. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. \In preparation* 

*0* The above three volumes will form a Complete Elbmbntary Course cm 

Matuematicai. Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and Grerman. By Jabies Haddon» 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudunentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Exaxnplesfor Practice. For 
the Use of Schools and for Self- Instruction. B;^ J. R. young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, zs. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, toKethet 
with Comments, Explanations, and Improved Processes, for the Vwt oi 
Teachers and Unassisted Learners. By. J. K. Young, zs. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 
8 c*. Annuities, Life Assurance, and General Commerce; with various Tables by 

which all Calculations may be greatly fecilitated. By W. Hifsley. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Probfems in 
various parts of Algebra, as. 
85*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc • 
tion. By J. R. Young, zs. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By HenryiLaw, C.E. as. 6d4 

•«• Sold also separately, viz. : — n 

88. EucuD, The First Three Books. By Henry Law, C.£. it» 6d. 

89. Euclid, Books 4, 5, 6, zz, 12. By Henry Law, C.E. m. 6d. 

S@* The t indicates thai these vo ls, may be hadsironsly bound at td. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 



WEALE'S rudimentary series. II 

Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. YouNO, formerly Professor of Mathematics at Belfast College. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowlikg, C.E. is. 
•#• Or with " The Elements of Plane Trigonometry y* in One Volume, 2S. 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBRSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL'' CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
lOl. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B, 
WooLHOusE, F.R.A.S^ 8cc. is. 6d. 

105. MNEMONICAL LESSONS. — Geometry, Algebra, and 

.Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 
Pbnykgton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By James Haddon, M.A. Revised b/ Abraham Arman. 
xs. 6d. 

X37. A Kby to Haddon's Rudimentary Arithmbtic. By A. Arman. xs. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS, Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in i^e Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heatubr, M. A^ late of the Royal 
Military Academy. Woolwich, Author of *' Descriptive Geometry," &c., &c. 
Illustrated, is. oa. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, xs. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Including — ^I. Instruments Used for Determining the GeometricaLFeatures 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, xs. 6d. 
•^* The above three volumes form an enlargement of the Author's original work. 
** Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 
the Thirteenth Edition of which is on sale, price is. 6d. {See No. 32 in the Series.) 

xG&.\MATHEMATICAL INSTRUMENTS, By J. F. Heather, 

i6g. > M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HO TV TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 2S. 6d.t 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unegual- sided, Square-sided, Octagonal- 
sided, Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers. Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 4s .t 

I r-i I 

The t indicates that these vols, may be had strongly boitndat 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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Arithmetic, Geometry, Mathematics, etc., continued. 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Young, 
formerly Professor of Mathematics in Belfast College, js.^ 

204. MATHEMATICAL r-^iPZ^.S", for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for iNlavigation 
and Nautical Astronomy. By J. R. Youno, formerly Professor of Mathe- 
matics in Belfast College. New Edition, is. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
caretully revised and enlarged. 2s.X 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TJVE ARTS. Illustrating the various processes of Mathematical Investi* 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples ; also the Methods of Analysing Principles and De- 
ducing Rules and Formulae, applicable to the Requirements of Practice. 
By Fkancis Campin, C.E., Author of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 35.* [Just published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHjS- 
OLOGY, the FINE AR7S,6^c. By TohnWbalk. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 3s.t 

112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide iii all Cases of Accident and 
Emergency. Third Edition. 2s.t 

.12*. MANAGEMENT OF HEALTH A Manual of Home and 
Personal Hj'gicne. By the Rev. Jamf.s Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS, Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World, as. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 
Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, 8cc. With 163 Woodcuts. 334 

104. THE HOUSE MANAGER: Being a Guide to Housekeeping. 
Practical Cookery Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housbkbkper. 3$. 6d.t 

T94. HOUSE BOOK {The). Comprising :— I. The House Manager. 

J 12. By an Old Housbkebper. II. Domestic Medicine. By Ralph Gooding, 
^ M.D. III. Management of Health. By James Baird. In One Vol., 
'^ ^ strongly half-bound. 6s. 

rr2*. 



The t indicates thai these vols, may be had stronj^/y bound at 6d. exira. 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Proeress of the English Constitution. Bv 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Recorvl 
Office. 4th Edition, revised. 58. ; cloth boards. 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth Doards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lkvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation Oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. zs. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 
II. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.CL. Fourth Edition, zs. 6d. 
II*. Philology ! Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarke, D.C.L. zs. 

13. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.I<. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
Z7th Edition, xs. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, xs. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall andi'^Devon. is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and George E. Webster, as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primer, id, 

t. a. 
Fourth Standard . ..12 
Fifth „ , , . i C 

Sixth „ . . . x 6 

Lessons FROM TUB BiBLB. Part I. Old Testament, xs. 
Lessons from the Bible. Part 11. New Testamentj to which is added 
The Geography of the Bible, for very youne Children. By Rev. C. 
Thornton Forstbr. xs. 2d. *«* Or the Two Parts in One Volume. 2s. 

f. stationers' hall COURT, LtJDGATE HILL, K.C. 



s, d. 

First Standard . .06 
Second „ . .0x0 

Third .. . . x 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D is 6d 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Enfrincering, Mining, &c. By Alfred Elwes. is. 6d 

26. EngUsh^French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One VoL, 3s. ; 

cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d. 
47. French and English Phrase Book : containing Intro- 

ductory Lessons, with Translations, several Vocabularies of Words a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. ' 

GERMAN- 

39. Gernaan Grammar. Adapted for English Students, from 

Heysc's Theoretical and Practical Grammar, by Dr. G. L. Strauss is 

40. German Reader ; A Series of Extracts, carefuUy culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. German -French-English 
Part II. Enghsh-German-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

Sc 39. Grammar (No. 39), in One Volume, cloth boards, 5s, 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwks. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwes. 
Vol. I. Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwks. Vol. 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d, 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Gramnaar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese- English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

' [7n ike press, 

HEBREW. 

46*. Hebre'w Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44»46. Hebrew Dictionary (as above), in Two Vols., complete, with 

40*. the Gramma r, cloth boards, 12s. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary ; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d; 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographica 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, xs. 6d. 

5. Virgilii Maronis -<Eneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., lormerly Scholar of Brasenose 
College, Oxford. 3s. 
5* ' Part I. Books i.— vi., 10. 6d. 

5»» — — ^ Part 2. Books vii. — xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustii Cnspi Catalina et BeUum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. xs. 6d. 

9. Terentii Andria et Heautontimorumcnos. With Notes, Critical 

and Explanatory, by the Rev. James Da vies, M.A. xs. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. 2s. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Dayiks, M.A. 

xs. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davies, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford, 
xs. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : .History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part x. Books i., ii., is. 6d. 
i6*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., xs. 6d. 

19. Latin Verse Selections, from Catullus, TibuUus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Api^eius, &c. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S, 

EscoTT, B.A., Lecturer on Logic at King's College, London. 2s. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claudb Hamilton, zs. 6d. 
15,17. Greek Lexicon. Containing all the Words in General Use, -with 

their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. x. Greek-English, as. 6d. ; Vol. 2. English-Greek, as. Oi 
the Two Vols, in One, 4s. 6d. : cloth boards, 5*. 

14,15. Greek Lexicon (as above). Complete, with the G&ammak, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in EngUsh. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, zs. 6d. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part z. Books i. to iii., 
IS. Part p. Books iv. to vii., xs. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, zs. 6d. 
5-12,. Homer, The Works of. According to the Text of Baeumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. 
Thb Iuad : Part i. Books i. to vi.j is.6d. Part 3. Books xiii. to xviii., xs. 6d. 
Part 2. Books vii. to xii., zs. 6d. Part 4. Books xix. to xxiv., zs. 6d. 
Thb Odyssby. Part z. Books i. to vi., zs. 6d Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Books vii. to xii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phasdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), 28. 

Part 2. Books iii., iv. (The Thalia and Melpomene), as. 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), as. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, zs. 6d. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of DiNDORF. Notes, 
Critical and Explanatory, by the Rev. John Milnbr, B.A. 2s. 

2% Euripides : Hecuba and Medea. Chiefly from the Text of DlN- 
DORF. With Notes, Critical and Explanatory, by W. Brow^rigg Smith, 
M.A., F.R.G.S. IS. 6d. ^ ^ ^ ^^ __.. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milnbr, B.A. zs. 6d. 

^o ^Eschylus s Prometheus Vinctus : The Prometheus Bound. From 

* the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, M.A. zs. 

22 .iEschylus : Septem Contra Thebes : The Seven against Thebagp 

* From the Text of Dindorf. Edited, with English Notes> Critical and T/r 
planatory, by the Rev. James Davies, M.A. is. ^ 

40.' Aristophanes : Acharnians. Chiefly from the Text of C. Ii. 
Weisb. With Notes, by C. S. T. TowNSHBND, M.A. IS. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. « ., "kt 1. j -r *. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. JEWITT. is. 6d. jiV.-ni.-v- 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Brasenose College, Oxford, is. 6d. -^ 
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ENGINEERING, SURVEYING, ETC. 
Humberts Work an Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst. 
C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. ds. elegantly 
and substantially half*bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water* 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII. Reservoirs. — IX. The Purification 
of Water. — ^X. Pumps. — XI. Pumping 



<( 



Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates.— Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c. , together with Specifi- 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and other?. 

The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humberts work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical txtAtises,"—£n£^inger. 

Humberts Work on Bridge Construction, 

A COMPLETE and PRACTICAL TREATISE on CAST and 

WROUGHT-IRON BRIDGE CONSTRUCTION, including 

Iron Foundations. In Three Parts — Theoretical, Practical, and 

Descriptive. By William Humber, A. -M. Inst C.E., and M. Inst 

M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 

6/. idr. dd, half-bound in morocco. 

" A book— and particularly a large and costly treatise Hkc Mr. Humber'sywhicb 
has reached its third edition may certainly be said to have established its own 
reputation. " — Engineering, 
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H umber s Modem Jingtneering. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William Humber, A.-M. Inst C.E., &c. Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw, C.E., F.R.S., &c,, and descriptive Letter-press, Speci- 
fications, &c. 3/. 3J. half morocco. 

List oftJie Plates and Diagrams, 



Victoria Station and Roof, L. B. & S. 
C. R. (8 plates) ; Soiithport Pier (2 plates); 
Victoria Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cremome 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Bail (u 



plates) ; Bridge over the Thames, West 
London Extension Railway (5 plates') ; Ar- 
mour Plates ; Suspension Bridge, Thames 
(4 plates) : The Allen Engine ; Suspension 
Bridge, Avon (3 plates); Undergroun4 
Railway (3 plates). 



Handsomely lithographed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engineer » 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E,, &C., and descriptive Letterpress, Specifications, 
&C. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Birkenhead Docks, Low Water Basin 
(15 plates): Charine Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Clydach Viaduct, Merthyr, Tre 



Viaduct, Merthyr, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Way 

degar, and Abergavenny Railway ; Ebbw 

HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J, R. M^Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrams. 
Main Drainage, Metropolis. — 

i\orih Side. — Map showing Interception 

of Sewers ; Middle Level Sewer (2 plates) ; 

Outfall Sewer, Bridge over River Lea (3 

plates): Outfall Sewer, Bridge over Marsh 

Lane, North Woolwich Railway, and Bow 

and Barking Railway Junction ; Outfall 

Sewer, Bridge over Bow and Barking 

Railway (3 plates); Outfall Sewer, Bridge 

over East London Waterworks' Feeder 

(2 plates) ; Outfall Sewer, Reservoir (2 

plates); Outfall Sewer, Tumbling Bay 

and Outlet ; Outfall Sewer, Penstocks. 

South Side. — Outfall Sewer, Bermondsey 



Branch (2 plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra> 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates); Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Roof, Charmg Cross Railway (3 plates) ; 
Road Bridge over the River Moka (2 
olates),. Telegraphic Apparatus for Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates) ; St. German's 
Viaduct, Cornwall Railway (2 plates) ; 
Wrougbt-Iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 plates) ; Harbours, Ports, and Break- 
waters (3 plates). 
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Strains, FormuUe & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS aiid SIMILAR STRUCTURES, and their 
STRENGTH \ consisting of Fonnulaeand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A.-M. Inst. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7j. 6^, cloth. 
" The system of employing diagrams as a substitute for complex computations 

is one justly coming into great favour, and in that respect Mr. Htunbtf*! volume is 

fully up to the laxoK&J'-^Engineering. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal Svo, 5J. cloth. 

"The student cannot find a better book on this subject thanMr. Sheilds'." — Engineer. 

Barlow on the Strength of Materials , enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. Edited by W. Humber, A-M. Inst C.E. Svo, i&f. cloth, 
" The standard treatise upon this particular subject."— ^»^{W#r. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, &c., 
of Cast Iron, by E. Hodgkinson, F.R.S. Svo, 12s, cloth. 

%* Hodgkinson's Researches, separate, price dr. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
CivU Engineer, M.R. I. A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. Svo, \\s. cloth. 
"Undoubtedly an exceedingly useful and elaborate compilation." — Iron, 
** Alike valuable to students and engineers in practice." — Mining Journal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,' with a Description ol 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal Svo. 7j. 6d.. cloth. 

Hydraulics. 

HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D'A. Jackson. Fourth 
Edition. Rewritten and Enlarged. Large Crown 8vo., i6s. cloth. 

\yust publishea. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simbcs, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr, Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. dd, cloth. %• Trautwine on Curves, separate, 5^. 

" The text-book on levelling in most of our engineering schools and colleges."-* 
Enginter, 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detaU the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30 j. cloth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 
has added immensely to the value of the book." — Engineer, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.I. C.E. Second Edition. i2mo, 4r. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst. C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
BuRNELL, M.I.C.E. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear Clark, 
M. Inst. C.E. i2mo, 7j. dd.^ cloth boards. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. 6</. 

Bridge Construction in Masonry^ Timber, & Iron^ 

EXAMPLES OF BRIDGE AND* VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consistmg of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. I2J. td. ha&morocco. 
" A vork pf the present nature by a man of Mr. HaskoU's experience, must prove 
Invaluable. The tables of estimates considerably enhance its y?^\xi^"'-'En£intering, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis 
C^MpiN, C.E. Cr. 8vo, oblong, 5^. cloth. 
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Tramways and their Working. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M. I.e. E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways^ and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2J. cloth. 

Tramways and their Working, 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols., Large Crown 8vo, 30J. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.'*' — The Engineer^ 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected vnth the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5j. cloth. 
" A workmanlilce production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer." — Athenaum, 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GOODEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics," **The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 
" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— Jf«»mj' journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 61/. 

" If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their mnty/^—Eng-UsA Mechanic, 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. Arranged expressly for the use of Draughts- 
men, Students, and Foremen Engineers. By Francis Cam pin, 
C.E. l2mo. 3 J. (hi. cloth. \J115t published. 

Mechanical Engineering. 

MECHANICAL ENGINEERING : Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E. 3J. cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin, C.E. i2mo. 3^. dd, cL brds. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E.i2mo,3x. 
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Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-page 
Lithographic Diagrams. Folio 21s, half-bound. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rd Ed. Imp. 8vo, &r. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and -with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, I2j. cloth. 
" The standard text book for all engineers regarding skew 9x^e&,**~^EngiMeer. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 5^. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S . Hughes. 4X. (id, doth . 

Locomotive- Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael 

Reynolds, M.S.E. Fifth Edition. Comprising A KEY TO THE 

LOCOMOTIVE ENGINE. With Illustrations. Cr.8vo,4J.6d^. d. 
" Mr. Reynolds has supplied a want, and has supplied it well." — Engineer. 

The Engineery Firemany and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 41. 6</. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6</. cloth. \jfust published. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Ind- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds. Crown 8vo, 2j. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on 
the several Systems in Use in the United Kingdom ; their Construe 
tion and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Large Crown 8vo, 9^. cloth. 

\yu5t published 
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Construction of Iron Beams, Pillars^ &c. 

IRON AND HEAT ; exhibiting the Principles concesned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 3j. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 4^. cloth. 
" We can most heartily commend ^\s\i<xM.**-~Engineering. 

"Mr. Young's book on 'Fire Engines and Fire Brigades' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration."— ^»«7((/<>(jf News. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems m Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal Svo, idr. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. 6d, 
" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument/'— ^^r^Wrr. 

" Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. ^"^ thenceum, 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydratdic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. 5^., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. . Illustrated with Folding Plates. Royal 8vo, I2J. cloth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Building 
News. 

'* Will be r^^rded by civil enjg;ineers as of the utmost value, and calculated to save 
much time and obviate many mistakes. "-^Colliery Guardian, 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 
Levelling, Setting-out and in Route Surveys of Travellers by Land 
and Sea. With Tables, Illustrations, and Records. By Lowis 
D'A. Jackson, A.-M.I.C.E. Author of "Hydraulic Manual and 

Statistics," &c Large crown 8vo, 12^. 6^., cloth. 

" Mr. Jackson has had much and varied experience in field work and some know- 
ledge of bookmaking, and he has utilised both these acquirements with a very useful 
result. The volume covers the ground it occupies very thoroughly." — Engineering. 

** A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We camiot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to fortifv 
his practice in the field under a competent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student." — Buiiding News. 

^ ** The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to x^dA"— Builder, 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst. C.E. Crown 8vo, y, cloth. 
''A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he treaXs."— Builder. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, 
M. Inst. C.E. With Illustrations. l2mo. 3^. dd, cloth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron and Coal Trades Review. 

*' Seems a model of what an elementary technical book should be." — Academy, 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, M. Inst. C.E. Second Edition, revised. With 
Illustrations. i2nK). 4^. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 

Two Parts. I. The Art of Constructing Common Roads. By 

Henry Law, C.E. Revised and Condensed. II. Recent 

Practice in the Construction of Roads and Streets : including 

Pavements of Stone, Wood, and Asphalte. By D. Kinnear 

. Clark, M. Inst. C.E. Second Edit, revised. i2mo, 5j. cloth. 

A book which every borough surveyor and engineer must possess, and whidi will 

BuU^!^I7^^^ service to architects, bmldcrs, and property owners generally."— 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technicjd Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating: a Practical Manual ;*' "Electric Light: its Production 
and Use." With Numerous Illustrations. i2mo, 2s. 6d. cloth. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
maimer; Setting out Curves with the Theodolite by Tangentisd 
Angles and Miutiples with Right and Left-hand Readings of the 
Instrument; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. \zs» cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Athenaeum, 
"Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession." — Mining y<mmai. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2J. 6(/. doth. 



" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizitn, 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4^. 
" A copy of it should be kept lor reference in every drawing office. ** — Engineering, 
" Indispensable for teachers of engineering drawing."— 'lfr<:AaiMP«' MagagUu. 

Wealis Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of " Ure*s Dictionary of Arts." l2mo, dr. cL bds. 

'* The best small technological dictionary in the \axagj3aifit.**— 'Architect 

" The absolute accuracy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and very 

QoiaL\^<eMt,^— Mining ycumal. 
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MINING, METALLURGY, ETC, 

— • — • 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast P'urnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\^, cloth. \Just published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of "A Treatise on 
Slate and Slate Quarrying." With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. I2J. dd. cloth. 
" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining Journal, 

Slate and Slate Qtcarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Conmiercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, 3^. 6d, doth boards. 
" Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears fsjoXLiicc.**'— Engineering. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 

taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and greatly Enlarged. With Numerous Illustrations, 
l2mo. 5 J. 6d/., cloth boards. \yust published. 

Manttal of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans. Volume of Text. 
i2mo, 3J. With an Atlas of Plates, containing 235 Illustrations. 
4to, dr. Together, 9/. doth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., l2mo, 4J. doth. 
•** The above, bound indth Thoman's Tables. (See page 20.) 
Price 7j. W. doth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise oiu By 
Wabington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown. Fifth edition, revised and corrected. 

X2mo, with numerous Illustrations, 4J. cloth boards. 
" £very portion of the volume appears to have been prepared with much care, and 
as an outlme is given of eveiv known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
lar^e number of readers." — Mining Journal. 

Underground Pumping Machinery, 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Author of "The 
Cornish System of Mine Drainage." 8vo, 15^. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book/or Naval Architects & Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULiE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. "With 
numerous Diagrams. Fcap., 12s. 6d,, strongly bound in leather. 
" Should be used by all who are engaged in the construction or design of vessels." 
— Engineer. 

*• There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

** Mr. Mackrow has compressed an extraordinary amount of information into this 
useful wolMme."— A thenaum. 

Grantham's Iron Ship-Building. 

• ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2j. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineering. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A. I.N. A. Third Edition. Royal 32mo, leather, gilt edges, 4J. 
"A most useful companion to all marine engineers."— £/>mV^</ Service Gazette. 
"Scarcely anything required by a naval engineer appears to have been for- 
gotten." — Iron. 
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Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major Gecrge H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2IJ. cloth. 

Surveying [Land and Marine), 

LAND AND MARINE SURVEYING, In Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Tovms' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. Svo, 121*. (ui. cloth. 

"A most useful and well arranged book for the aid of a student'* — Eiuilder. 

'* Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors." — Mining Journal. 

Storms. 

STORMS ! their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Cro\\Ti Svo, lor. 6i/. cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A, New and enlarged edition. 
By W. H. RossER. i2mo, y, cloth boards. 

Mathematical and Nautical Tables, 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By Professor 
J. R. Young. New Edition. i2mo, 4J. cloth boards. 

Navigation {Practically with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated. i2mo, 7j. strongly half-bound in leather. 

WEALES RUDIMENTARY SERIES. 

The following books in Naval Architecture^ etCy are published in the 

above series, 
NAVIGATION and NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. R. Young. New Edition. 

Including the Requisite Elements from the Nautical Almanac for 

Working the Problems. i2mo, 2J. 6d. cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, 2s, 6^. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3J. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4f. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Seventh Edition. i2mo, 3^. 6d, cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 



Construction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, yj. 6d. cloth. 

*' A very valuable book, which we strongly recommend to all students."— ^wtAilrr. 

" No architectural student should be wiuout this hand-book." — Architect. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c i2mo, 5j. cloth boards. 
*'A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. "—Times. 

** We commend the book to the thoughtful consideration of all who are interested 
in the buildinc; zxt.**— Builder, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," &c. 30 Plates, 4to, half morocco, gilt edges, i/. \s, 
*^^* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s, half morocco. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. B)r F. Rogers. Cr. 8vo, 6j. cloth. 

"As a text-book of useful Information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume." — Standard. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 
New Edition. By G. H. Guillaume. i2mo, cloth, 4^. 
*' Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE, 
By George Pyne. With 14 Plates, 4to, yj. 6^. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, 3^. 6</. cloth. 
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Taylor and Cresy s Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detaiL Large folio, with 130 Plates, half-bound, 3/. 3^. 
*«* Originally published in two volumes, folio, at 18/. i&r. 

Vitruvius^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A, F.R.A.S. 
Numerous Plates. i2mo, cloth limp, 5j. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 ane plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6j., half-bound. 
*,* Tfu only edition of VITRUVIUS procurable at a moderaU price. 

Modern Architectttre. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, i2mo, ds, half-bound. 

Civil Architecture. 

A TREA.TISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S.A. Revised and edited by W. 
H. Leeds. 66 Plates, 4to, 2.\s. cloth. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised, i2mo, 6s. doth. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised and Enlarged, with above 330 illustrations. 
i2mo. 4f. cloth. [Just published. 

yoints used in Building^ Engineering.^ &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 

construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting and finishing Habitable Structures. By W. J. Christy, 
Architect. With 160 Illustrations. i2mo, 3J. (>d. cloth boards. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. lu. 6</. 
" In this work forty-four S|)ecifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects."— v9»»i!Eiff'. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. cloth. 

%* A volume of -specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface, 

Designing, Measuring y and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into BUI, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 9 Plates and 47 Wood- 
cuts. Originally ^ted by Edward Dobson, Architect. New 
Edition, re^written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M. A., 8vo, ioj. 6</. cloth. 

" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the '^w^*'~~Engmeerinz, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters* 
and Joiners* work. By A. C. Beaton, Second Edition. 
Wabtcoat-pocket size, is, 6d. 

Beaton* s Builders^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS : containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton, is, 6d, 

The House-Ownet^s Estimator. 

THE HOUSE-OWNER*S ESTIMATOR ; or. What vAW it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. 
Third Edition, Revised. Crown 8vo, 3 J. 6^., cloth. 
*' In two years it will repay its cost a hundred times over." — Field 
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Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M. Inst. C.E., with Illustrations. Crown 8vo. 3J. (id, cloth. 
" A useful compendium of results for the builder and architect." — Building Newt* 

Buildef^s and Contractor's Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kmds of Buildexs' 
Materials and Labour, and of all Trades connected with Buildings 
&c. Revised by F. T. W. Miller, A. R. I. B. A. Half-bound, 4J. 



CARPENTRY, TIMBER, ETC. 

♦ ■ 

TredgolcTs Carpentry^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, R006, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2J., reduced to i/. 5^. doth. 
"Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new \s&yx^,**— Builder. 

** A work whose monumental excellence must commend it indierever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value,**'-~Buildm£- News, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
& BUILDER'S STANDARD GUIDE. By R. K Grandy. 
2nd Edition. Carefully revised and corrected. i2mo, y. (id. doth. 




treenail, 
cisterns, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, 6j. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES 5 showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. RICHARDSON. Oblong 4to, 3^. (id, doth. 
" Invaluable labour-saving: tables." — Ironttumger, 

Carriage Buildings &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. Burgess. i2mo, y. cloth. 
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Hortofis Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidity of hewn or eight-sided timber, 
or of any octagonal-sided colunm. By Richard Horton. 
Fourth Edit. With Additions, i2mo, strongly bound in leather, 5j. 

Horton s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND j also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. 

Nicholson* s Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. u. cloth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Tunber Merchant Third Edition, Re- 
vised. Crown 8vo, y. cloth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it" — Hull Advertiser. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. RICHARDSON. Fcap. 8vo, 3J. dd, cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 

Engineers. ByM. PowisBale, M.I.M.E. Crown 8vo, 12s. 6d. cl. 

" Mr. Bale is evidently an expert on the Subject, and he has collected so much 
information that his book is aU-sufElcient for builders and others engaged in the con- 
version of timber." — Architect. 

" The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject." — Building News. 

Saw Mills. 

SAW MILLS, THEIR ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER, By M. Powis Bale, M.I.M.E. With numerous 
Illustrations. Crown 8vo. [/« the Press. 

c 
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MECHANICS, ETC. 
y urnzn^. — • — 

LATHE- WORK : a Practical Treatise on the Tools, Applianc . 
and Processes employed in the Art of Turning. By Paul N. H/ 
LUCK. With Illustrations drawn by the Author. Crown 8vo, • 
" Evidently written from personal experience, and gives a large amount of J 

that sort of information whicn beginners at the lathe require." — Builder. 

Mechanic's Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP CO .^ ■ 

PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 

TIC AL ASSISTANT. By W. Templeton. 13th Edit., ¥f.lj. 

Mechanical Tables for Operative Smiths, Millwrights, Engiaee r ^. 

&c. ; and an Extensive Table of Powers and Roots, l2mo, $s, boui v' . 

" Admirably adapted to the wants of a very lar^e class. It has met with g) -; '. 

success in the engineering workshop, as we can testify ; and there are a great m •..- y 

men who, in a great measure, owe their rise in Life to this Uttle work. "—BmMtfig N* v . 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINIST 5^ 
PRACTICAL ASSISTANT ; comprising a Collection of Us«»ai 
Tables, Rules, and Data. By Wm. Templeton. i8mo, 2j. 6 * . 

Smith's Tables for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULT ' 
FOR MECHANICS, ENGINEERS, ARCHITECT - 
BUILDERS, &c. Selected and Arranged by Francis Smii .1. 
240pp. Waistcoat-pocket size, is.6d., limp leather. [Just publish ./. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. W-.. 
Examples of Practical Geometry and Templating, for the use 
Platers, Smiths, and Riveters. By John Courtney, Edited . 
D. K. Clark, M. I. C.E. i2mo, gj. half-bd. \Just publish 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL ME A 
SUREMENT. Tables calculated from I to 200 inches in leng 
by I to 108 inches in breadth. By J. Hawkings. Fcp. 3/. 6</. ci. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. ERhsr 
A LB AN. Translated from the German, with Notes, by Dr. Poj.k, 
F.R.S. Plates, 8vo, i6j. 6^. cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Cc n- 
struction, and Economical Working. By R. WiLSON, C.l'\ 
Fifth Edition. i2mo, 6j. cloth. 
" 1 he best work on boilers which has come under our notice " — Engineering, 
" 1 he best treatise that has ever been published on steam boilers." — Engineer, 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysus 
Lardner, D.C.L. New Edition, Edited and considerably I n- 
iarged, by Benjamin Loewy, F.R.A.S., &c., post Svo, 6*. do h. 
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MATHEMATICS, TABLES, ETC. 

♦ 

Metrical Units and Systems, &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E., Author of " Aid to Survey Praciice," &c. 
Large Crown 8vo, lis. 6d. cloth. {Just published. 

Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. cloth. 

Mathematics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, 3J. 6<^/. cloth. {Just published. 

Geometry for the A rchitecty Engineer ^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn,M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9j. cloth. 

Practical Geometry, 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown 8vo, 3^. 6t/., cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DoWLiNG, C.E. 2nd Edit, revised and enlarged. 8vo, lar. td, cL 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renevring of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William In wood. 21st edition, with 
Tables of Logarithms for the more Diflicult Computations of the 
Interest of Money, &c. By M. FtoOR Thoman. i2mo. &r. cloth, 
** Those interested in the purchase and sale of estates, and in the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent yayv3^**^^Engine*ring. 

C 2 
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Weights, Measures^ Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of aU NATIONS. 
Entirely New Edition, Revised and Enlarged. By W. S. B. 
WooLHOUSE, F.R.A.S. i2mo, 25, 6d, cloth boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FftDOR Thoman, 
of the Society Credit Mobilier, Paris. 3rd Edit, i2mo, 41. bd, d. 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION : 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from is. per owt. to II2J. per 
cwt., and from one farthing per lb. to \s. per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT. Down IE. 396 pp., 9j., leather. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry. 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare. Eighth Edit. Oblong 32mo, 6j., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition, will affi)rd an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By Henrv Harben, 
Accountant, New Edition. Royal 8vo, i/. 5j., half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufacturers, Ironmongers, and others, by which 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required 
profit after allowing one or more Discounts : to which are added 
Tables of Profit or Advance from i J to 90 per cent., Tables of 
Discount from i J to 98I per cent., and Tables of Commission, &c., 
from J to 10 per cent. By H. Harben, 8vo, i/. 5^., hdf-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5j. cloth. 
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SCIENCE AND ART. 



Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
AHoying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee. 
Second Edition, enlarged. i2mo, %5, td. cloth. 
** The best work yet printed on its subject for a reasonable price.*' '—jeweller. 
" Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, containing trustworthy information that only a practical man can 

supply." — English, Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contahiing full In- 
structions* for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c By G. E. Gee. i2mo, 3J. 6</. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study it." — English Mechanic . 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall- 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 5^. cloth. [Just published. 

Electro- Platings &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5^. cloth. 

"Any ordmarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, aiid this is the book to show the way." — Builder, 

Electrotypingy &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. 
"A guide to beginners and those who practise the old and imperfect methods." — Iron, 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c. , 
&c Seventh Edition, Revised and Enlarged, including the most 
recent Processes. i2mo, y,[6d. cloth. 

* From this'. book both amateur and artisan may learn everything necessary for 
the successful prosecution of electroplating." — Iron. 

" A practical treatise for the use of those who desire to work inthe art of electro- 
deposition as a business."— £»^//M Mechanic. 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gk>ld 
Plate, Clasps, Solders, etc., etc. By Charles Hunter. Second 
Ed 'I iun. Revised ; including a new chapter on the use of Celluloid. 
With over lOO Engravings. Cr. 8vo, 7j. td, cl. [Just published. 
" An authoritative treatise, which we can strongly recommend to all students." — 
Dublin Journal of Medical Science. 
** The best book on the subject with which we are acquainted." — Medical Prest. 

Electricity. 

A MANUAL of ELECTRICITY ; includhig Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4J. cloth. 
*' The accounts ^iven of electndty and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting.— i^aiKv/. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.I.C.E., Vice-President of the Society of Telegraph Engineers, 
&c. With 470 Illustrations. Crown 8vo, \zs, 65. cloth. 
*'A reflex of the existing state of Electrical Science adapted for students.''— 
W. H. Preece, Esq., vide " Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — Athenaum. 

*' An admirable text-book for every student— beginner or advanced — of electricity." 
—En£ineerin£'. 

" Recommended to students as one of the best text-books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephonic, and electric-lighting apparatus." — English Mechanic. 

** Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec- 
tricity has grown into an admirable handbook." — Westminster Review, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and D)mamo-Electric Machines. By J. W. Urquhart, C.E., 
Author of " Electroplating." Edited by F. C. Webb, M.LC.E., 
M.S.T.E. With 94 Illustrations. Crown 8vo, 7j. dd, cloth. 

"The book is by far the best that we have yet met with on the subject." — Athemeum. 

" An important addition to the literature of the electric light. Students of the 
subject should not fail to read it." — Colliery Guardian. 

Lightning, &c. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers. 
l2mo, *]s, 6d. cloth. 
** Major Parnell has written an original work on a scientific subject of unusual inte- 
rest ; and he has prefaced his arguments by a patient and almost exhaustive citation 
of the best writers on the subject in the English language." — AtJienteuni. 
I* The work comprises all that is actually known on the subject." — Land. 

Major Parnell's measures are based on the results of experience. A valuable 
-f^ertoire of facts and principles arranged in a scientific {oxm. -^Building^ News. 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/. I2X. 6d, cloth. 

This workj^cvides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers y and for those already in the field who desire to improve their 
plant t or to become practically acquainted with the latest processes and development 
o/the trade ; (a) a Handy Volume which Manufacturers can put into the hands o 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis op Contents. 



Chap. I. Choice of Site 'and General 
Plan of Works — II. Sulphuric Acid — 
III. Recovery of the Mitrc^en Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon thejNoxious Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes — ^VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carhonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali— XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



" The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

" This book is written by a manufacturer formanufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 233 wood engravings, all of which may he used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and- 
each improvement explained. Everything which tends to introduce economy into 
the technical details of this trade receives die fullest attention. The book has been 
produced with great completeness." — Athenceum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up ' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication."— CA^mira/ 
Review, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry,'' and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, \2s, 6d, cloth. 

" We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner."— 
Medtcal Times, 

** Essential to the analysts appointed under the new Act The most recent results 
arc given, and the work is well e&t^d end catefuUy wriueo." — Nature, 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., fonnerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ is., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 3IJ. 6d. 

OPINIONS OF THE PRESS. 

" This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ' common things' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
m the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment" — Times. 

** A cheap and interesting publication, alike informing and attractive. The paipers 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment." — Spectator. 

** The * Museum of Science and Art ' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir Danfid 
Brewster in the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable xaeseoiu"— 'Examiner, 

%* Separate hooks formed from the ahove^ suitable for Workmen* s 

Libraries^ Science Classes, <5r»r, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, $s. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2j. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s, 6d. 

POPULAR PHYSICS. Contaming Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s. 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4^. 6d. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is. 6d. 
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Dr. Lardncf^s Handbooks of Natural Philosophy. 

•«• The following Jive volumes^ tJunigh each is Complete in itself^ and to he pur- 
chased separately^ fonn A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Scieftce, without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim. to supply Manuals such as are required by 
the Student f the Engineer ^ the Ariisofty and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s. cloth. 
" The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously x>opular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining youmal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R. A.S. With 236 Illustrations. Post Svo, 5j. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation,' this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post Svo, 6s. cloth. 
" The style is always clear and precise, and conveys instruction without leaving 

any cloudiness or lurking doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post Svo, 5j. doth. 

'* Written by one of the ablest English scientific writers, beautifully and elaborately 
illustrated. "— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and bringing up his 

work to the present state of scientific knowledge."— -/'<7/»/ar Science Review. 

Dr. Lardner' s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In i vol., small Svo, 
550 pages, 9J. 6d.y cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Athenaum. 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science." — Quarterly youmal 
of Science. 

Dr. Lardnef^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, 71. 6d. 
" We have no hesitation in cordially recommending it,"— Educatiottal Times, 



j6 works in science and art. etc.. 

Dr. Lardnef^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Larbnsr. 

328 Illustrations. Sixth Edition. I vol. 3/. td, cloth. 
" Conveys, in clear and precise terins, general notions of all the prindpal divisions 
of Physical Science." — British Quarterly Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnkr. 

With 190 Illustrations. Second Edition, i voL 3^. 6k/. doth. 
" dearly written, well arranged, and excellently illustrated.**— ^an&w^rf'CArmiiVZr. 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, bv £. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2j. dd, cloth. 
' ' One of the most readable books extant on the £lectric Telegrai^"— ^MSf'. Mechanic, 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3id Edition. Cr. 8vo, 71. 6d, doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Fcap. 8vo, 5x. cloth. 

^ " A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God's Works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed."— 7!^ Rock, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso, &c. By Prof. J. R. Young. Fcap. Sj. cloth. 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and " Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, 5^. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5j. cl. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyistsand Imitators, ByPHiLipPKDARYL,B,A. Cr.8vo,3j.6</.d. 
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Clocks^ Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp doth 
(No. 67, Weale's Series), 41. td,\ cl. bds. 5^.6^. [Just published, 

** The best work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. ** — Engineering. 

"The only modem treatise on dock-making " —/fotvlagicai youmaL 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 

M. A., Precentor of Ely Cathedral. Second Edition, revised, with 

Additions. i2mo, 31. cloth boards. [just published. 

** In many respects the book is the best that has yet appeared on the subject. We 

cordially recommend it." —English Mechanic. 

"The amateur builder will find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own hands." — Academy, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3J. (id, cloth. 

" A thoroughly scientific treatise in popular language." — Mominf^ Advertiser. 
** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brevtter, 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dryssuters, Brokers, &c By J. 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
8vo, 7^. (id, cloth. [Just published. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, jj. 6d, cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s, 6d. boimd. 

The Military Sciences. 

AIDE-M£M0IRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4/. lar. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, dothy with separate Atlas of I2 Plates, \2s. complete. 
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Delamottis Works an Illumination & Alphabets, 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
UOTTB. Small 4to, 9j. Elegantly bound, cloth antique. 

"Tlie examples of ancient MSS. recommended to the student, which, with much 
l^ood sense, the author chooses from collections accessible to all, are selected with 
judgment and knowledge, as well as tA&tt,**'^Athetutum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 

from the Eighth Centuiy, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamottb, and 

printed in Colours. New and Cheaper Eklition. Royal Svo, 

oblong, 2s, 6d. ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from ^ 
Decalogue, this book will be useful"— ^M«mnmr. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraveid by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed." — Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6s, cloth gilt. 

THE EMBROIDERER»S BOOK OF DESIGN ; containmg Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecdesias- . 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is. 6d. ornamental wrapper. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s, 6d. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication."— ^/A/^urMxw. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 5 j. 6^. cloth. 
%* Hiis Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 
I* Contains a large amoimt of original matter, agreeably conveyed."— ^im2<^. 
Much niay be learned, even by those who fancy they do not require to be taught, 
-* the careful perusal of Uiis unpretending but comprehensive treatise. **^A rt JoHmal. 
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AGRICULTURE, GARDENING, ETC. 



Youatt and BurtCs Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. is, half-bound. 

" The standard and text-book, with the farmer and grazier."— ^tfrwc^x Magazine. 

**A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History y Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. doth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also treating of the Breeding, 
Rearing, Fattening, and Slaughtering of Meat-yielding Live Stock ; 
Indications of the Quality, etc. By John Ewart. Cr. 8vo, 5j. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat and Provision Traded Review. 

Donaldson and Burn's Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With Additions, Illustrating the more Modem Prac- 
tice, by R. Scott Burn. i2mo, \s, cloth boards. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains-Jackson. i8mo, 2J. 6df. cloth. 

*' A clearly written description of the ordinary routine of English farm-life/* — Land. 
* ' A carefully written text-book of Agriculture. " — A ihenaum. {^Economist. 

"A most comprehensive volume, giving amass of information. ** — Agricultural 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry —UtiHsation of Town Sewage, Irrigation, &c. New Edition. 
In I yoL 1250 pp., half-bound, profusely illustrated, izs. 
" There is sufficient stated within the limits of this treatise to prevent a fiumor 
from going far wrong in any of hia operations." Observer, 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Fanning, Farm Building, Irrigation, 
Drainage, &c. By R. Scott Burn. i2mo, y, clo£. 

"A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates." — youmal of Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3J-. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One Vol.) 6s. 

Hudson s Tables for Land Valuers. 

THE LAND VALUER^S BEST ASSISTANT : behig Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C. E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 41. 

Ewarfs Land Improver^s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, *js. 6d. 
" We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
E wart's work greatly enhances the value and usefulness of the latter-mentioned.— 
It is most useful as a manual for reference." — North of England Farmer. 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. i2mo, 3J. cloth boards. \yust published. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Trees, &c. From the French of Du Breuil. Third 

Edition, revised. With an Introduction by George Glenny. 4j.cl. , 
" The book teaches how to prune and train fruit-trees to perfection."— /^fcp/</. 1 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 1 
Potato. By James Pink. With Illustrations. Cr. 8vo, 2j. cL 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, Jj. cloth. 

*' A Tory £0od book, and one to be highly recommended as a practical guide. 
The practicau directions are excellent" — Aihenaum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce ;f 620 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 
Houses, so as to realise ;£'i76 per annum clear Profit. By Samuel 

Wood. 3rd Edition, revised. Cr. 8vo, 2j. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur an*! 
gentleman's gardener, but to the market grower." — Gardener's Magazine. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 3^. 6</. 

Bulb Culture. 

THE BULB GARDEN, or. How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3J. td. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2j. dd. cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2j. dd. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of " Good Gardening,'* &c. Consistmg 
of the above Two Works in One Vol., 5^. half-bound. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN : or. How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, 3^. 6d, 

Market Gardening, Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to **The Garden." Compiled by C. W. Shaw, Editor 
of ** Gardening Illustrated." i2mo, y. 6d. cl. bds. \yu5t published. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showhig how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc By G. M. F. Glenn Y. i2mo, zs. 



